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STUDY 0 ! TEL INDIVIDUAL WORKER'S PRODUCTIVITY RANGE 
I 
INTRODUCTION 
General. The e f f e c t of numerous var iab les on the performance 
cha rac t e r i s t i c s of individual workers has become a matter of great 
importance s ince the introduct ion of s c i e n t i f i c management to the in­
dus t r ia l world near the end of the nineteenth century. It was ear ly 
recognized that the most pressing need would be the el imination or the 
minimizing of a l l bar r ie rs to the continuous performance of the i n d i v i ­
dual worker. The combined e f f o r t s of motion-time engineers and indus­
t r i a l p sycho log i s t s have done much to remove barr iers and to c l a r i f y 
the magnitude of the ove ra l l problem. The f u l l measure of the t o t a l 
individual d i f fe rence e f f e c t s may never be wholly es tabl i shed. 
I t appears that there i s much current disagreement among the 
various au thor i t ies as to the r e l a t ive importance of the numerous f a c ­
tors that influence productive e f fo r t and contribute to improved ef­
f i c i e n c y or create greater i n e f f i c i e n c y . Sylvester^" inferred that the 
lack of s t a t i s t i c a l data and associa ted information prevents conclus ive 
deductions and makes i t necessary to grope in a general way fo r an ink­
l i ng of the true r e l a t ionsh ips . 
I 
L. A. Sylvester , The Handbook of Advanced Time-Motion Study 
(New York: Funk and Wagnalls, 1950) p. 80. 
2 
o 
Wechsler has defined the range of human capacity as the differ­
ence in ability or in the magnitude of the trait which separates the 
highest from the lowest; the least efficient from the most efficient. 
The full impact of the "range" problem is contained in those differ­
ences. 
Tools and methods for the measurement of the productive range 
vary from the rule-of-thumb method to the more complex mathematical and 
statistical methods. Many of these techniques can never be adopted for 
use by the observer at the stop-watch level but must be retained for 
improvement and use by the more expert. Transformat ion of all possible 
data to terms of usefulness at the application level is considered a 
worthy objective for all. 
Time study techniques normally entail the measurement of time 
required for performance of elemental job operations and the comparison 
of the operator's performance with that of the "average" operator. No 
means has yet been devised by which the performance of the "average" 
operator can be fixed so it is necessary for the observer to rate each 
operator against a hypothetical performance. Thus it can be seen that 
no absolute average performance can be indicated so there is no means 
by which the absolute accuracy of performance ratings can be assured. 
Problem. The need for time study data is basic for the estab­
lishment and maintenance of incentive-wgge plans. Time study techniques 
are based on recognition of the existence of a performance range and 
2 
David Wechsler, The Range of Human Capacities, The Scientific 
Monthly, Vol. XXXI, pp. 35~39, July. 1930. 
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this concept is narrowed to the assumption that the "normal" or average 
time exists at some point within that range. 
Since the performance range is variable the overall scale was 
assumed to be a series of related distribution curves. It was the des­
ignated purpose of this thesis to investigate those distribution curve 
relationships. 
Accordingly, a series of simulated-work tests were conducted at 
certain designated speeds all of which could be attained by all sub­
jects. The card dealing operation was chosen because of its simplicity 
and for the ease with which sufficient skill can be attained for depend­
able results. 
Deal tempos chosen included fastest, incentive, normal, free 
choice and slowest. Even though there may be other definite interme­
diate performance speeds these were thought to be sufficient for the 
purpose of this thesis. 
Other investigators have exploited card dealing as a source per­
formance data. Carroll has advocated that the "normal" time for deal­
ing four thirteen-cerd hands is .U5 minutes whereas Presgrave3 found 
that the fastest deal times vary from .35 to ,U0 minutes from which he 
computed the "normal" deal time . 50 minutes. 
Chapter II of this thesis is devoted to the discussion of the 
overall range of human productivity as revealed by the literature of 
3 
Ralph Fresgrave, The Dynamics of Time Study (New York: Mc­
Graw-Hill Book Co. Inc., 19U5) p. 165. 
numerous leading author i t ies in the time study and indust r ia l psychology 
f i e l d s . 
Individual d i f fe rences which contr ibute to the spread of the e f ­
f o r t range, from an operat ional standpoint, are given coverage in Chap­
ter I I I . The value of t raining fo r negation of individual d i f fe rences 
i s covered at length . 
Chapter I V presents a b r i e f d iscussion of individual d i f fe rences 
from the personal rather than the operat ional standpoint. The magni­
tude of the problem of appraising the e f f e c t s of fa t igue i s also cov­
ered in th is chapter. 
Chapter V shows the p r a c t i c a l app l ica t ion of ce r ta in techniques 
to o r i g i n a l raw data. The resu l t s show rather c l ea r ly the bases for 
d i f fe rences of opinions and why many of the pert inent questions remain 
unanswered. The tabulated time values have not been modified or l eve led 
in any way. 
Def in i t ions . For the purpose of th is thesis the fo l lowing obtain: 
1, The term "e f fo r t " i s defined as the expenditure of energy fo r 
manual performance. 
2 , The term " s k i l l " i s defined as the degree to which speed of 
motion and motion patterns are combined fo r productive pur­
p o s e s . 
3, The phrase "range of product iv i ty" Is defined as the d i f ­
ference in times required by the slowest and fas tes t per­
formers in the appl ica t ion of s k i l l and e f fo r t and may be 
expressed as a r a t i o . 
I I 
PRODUCTIVE EI'PORT AED ITS MEASUREMENT 
The systematic appl ica t ion of e f fo r t fo r the attainment of maxi­
mum produc t iv i ty i s genera l ly considered the foundation on which sc ien ­
t i f i c management r e s t s . Accomplishment of th i s o b j e c t i v e i s sought 
through the reduct ion of wasted e f fo r t to i t s minimum compatible l e v e l 
and the s c i e n t i f i c d i r e c t i o n of a l l construct ive e f fo r t so as to gain 
maximum output f o r the energy expended during work pe r iods . 
Methods "by which the elements of work performance are evaluated 
frequent ly d i f f e r s i g n i f i c a n t l y depending upon the authority being 
emulated. Al l of the systems are dedicated to the same pr inc ipa l ob­
j e c t i v e but are too often in disagreement as to the exact re la t ionship 
and importance of the elements to be measured and as to the techniques 
f o r cor rec t measurement. I t i s un l ike ly that performance rat ings es tab­
l i shed by two observers applying d i f fe rent methods fo r the same opera­
t ion w i l l be in exact agreement and i t would be just as \uicommon fo r 
such ra t ings by two observers using the same method to be i d e n t i c a l . 
Even though a l l of the methods have a "time" base the lack of agreement 
as to the cor rec t weightings fo r measurable and assess ib le proper t ies 
and the divergence of opinion among the experts have no doubt been 
deterrent to more widespread inves t iga t ion of the range of worker 
p roduc t iv i t y . 
Presgrcve has deplored the exis tence of so many divergent 
-
Ralph Presgreve, The Dynamics of Time Study (2Tew York: Mc­
Graw-Hill Eook Co. , I n c . , 19U5) p . g. 
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Methods as have done other recognized leaders interested in correc t mea­
surement techniques. G-omherg^ has asserted that, with few except ions , 
l i t t l e e f f o r t has "been made to examine the bas ic foundations of the va­
r ious time study procedures. Ee c i t ed Presgra.ve's analysis of the s i t ­
uation as the only r ea l attempt to view time study c r i t i c a l l y . 
I t i s l ikewise regre t table that the chief medium fo r the motiva­
t ion of e f fo r t i s of a monetary nature since i t contr ibutes a severe 
deterrent to the true expression of the ind iv idua l ' s f u l l capabi l i ty 
within the performance range. I t i s general ly acknowledged that, in 
unmotivated group performances, the individual performance times g rav i ­
tate towards that of the slowest operator rather than toward the poten­
t i a l average f o r the group. 
Recogni t ion of this character t r a i t in the worker prompted 
Taylor^ to develop and i n s t a l l his Di f fe ren t i a l P iece- ra te System in 
several labor operat ions at the Bethlehem Steel Company just p r io r to 
1900. The job of manually loading 92-pound p igs of iron onto ra i l road 
cars afforded an opportunity fo r a c l a s s i c appl ica t ion of the system. 
Study and analysis o f the problem convinced Taylor and assoc ia tes that 
the da i ly loading rate should be 1+7 long tons per worker instead of the 
12 1/2 tons then accepted as standard. Through careful worker s e l e c t i v ­
i t y , high incent ive pay rate per ton, and regulated res t and work periods 
2 
¥. A. G-omberg, A Trade Union Analysis of Time Study (Chicago: 
Science Research Assn. , 19^8) p . 3» 
^F. W. Taylor , S c i e n t i f i c Management (New York: Harper and 
B r o s . , 19^7) p . 42. 
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the newly p ro jec ted high performance rate was achieved and maintained in 
disposing of 80,000 tons of p ig i ron . The r a t i o of the new rate to the 
o l d was 3»7551* 
Another p r o j e c t , designated and prosecuted at Tay lo r ' s d i r ec t i on , 
that of manually shoveling steel-making ingredients , produced similar 
r e s u l t s . After experimentation had revealed that a 21-pound shovel load 
was the most economical from the manpower standpoint the production rate 
was increased from l6-tons to 59 tons per worker, da i ly ; a ra t io of 
3*69.1. ^ e success of th i s venture, l i k e i t s predecessor , was in a 
measure influenced by se lec ted workers performing the one-best way under 
ca re fu l ly regulated work condi t ions f o r high incent ive pay. 
From the p r a c t i c a l indus t r ia l standpoint these two examples wel l 
i l l u s t r a t e the p o s s i b l e spread that i s l i k e l y to ex i s t between perform­
ance ra tes of the most e f f i c i e n t and the l eas t e f f i c i e n t workers. Since 
Taylor advocated r i g i d worker s e l e c t i v i t y and carefu l ly regulated res t 
pe r iods , the high performance rate has to be discounted as representing 
an average-worker performance. 
Barnes '^ report on the performances of 121 wel l trained semi­
automatic lathe operators performing iden t i ca l operat ions , f o r a one-
day pe r iod , showed an average output rate of 72 p ieces per operator, 
between range l im i t s of 51 and 10k p i e c e s . Only 5*+ of the operators or 
45 per cent o f the group were able to equal or exceed that average. The 
condi t ions under which the study was made were considered most favorable 
R. M, Barnes, Motion and Time Study, (Hew York: John Wiley 
and Sons, I n c . , I9U9) p . 353. 
8 
FOR UNINHIBITED PERFORMANCES, MAKING VALID RESULTS POSSIBLE. THE RANGE 
OF PRODUCTIVITY WAS THUS OBSERVED TO BE 2 . 0 4 : 1 ; THE RATIO OF THE BEST 
TO THE POOREST. 
IN EVALUATING THE RESULTS OF EXTENSIVE TEST DATA, WECHSLER̂  CON­
CLUDED THAT THE RANGE OF MOST GROUP PHYSICAL AND MENTAL ACTIVITIES VARY 
AS 2 : 1 ; THE RATIO OF THE HIGHEST TO THE LOWEST. HE CAUTIONED THAT SOME 
AUTHORITIES REJECT THIS RATIO IN FAVOR OF HIGHER ONES. 
THE RANGE OF MOTOR CAPACITIES, COMPILED BY WECHSLER FROM THE 
TESTS PREVIOUSLY MENTIONED, SHOWN BELOW IS A PARTIAL LISTING OF THE DATA 
ON WHICH HIS CONCLUSION WAS BASED: 
RANGE OP MOTOR CAPACITIES 
TRAIT OR ABILITY RANGE RATIO 
EXTENSION OF W R I S T 1 . 6 5 : 1 
SPEED OF INSERTING BOLTS 2.09:1 
STRINGING DISCS 2.12:1 
FLEXION OF THE WRIST 2.1S:1 
SIMPLE REACTION TIME 2.24:1 
CARD SORTING 2.50:1 
MEDIAN RATIO 2.23:1 
MODE RATIO 2.17:1 
HE POINTED OUT THAT DEFINED MOTION CONTROL WILL OFTEN NARROW THE SPREAD 
BETWEEN THE HIGHEST AND LOWEST TIME RATES. THIS IS BASED ON THE ASSER­
TION THAT A BELOW-AVERAGE OPERATOR, PERFORMING AN OPERATION WITH TIME-
WASTING MOTIONS, HAS NOT ONLY HIS NATURAL SLOWNESS TO BRING HIS PERFORM­
ANCE WELL BELOW THAT OF THE FAST WORKER BUT IS PULLED STILL LOWER BY 
INEFFICIENCY OF THE METHOD USED. 
5 
DAVID WECHSLER, THE RANGE OF HUMAN CAPACITIES (BALTIMORE: 
WILLIAMS AND WILKINS, 1935) P. 73. 
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In commenting on the familar spoon polishing test performed by a 
group of 2 6 workers, Wechsler cited the fact that after the slowest 
workers had been taught the more efficient method the ratio became less 
than 2 : 1 , instead of the previous high 5«I ratio. 
DippleD likewise recognized that the ratio of the fastest to the 
slowest performance times was 2 : 1 . He asserted that, within the range 
of productive effort, maximum effort has a predetermined place in the 
scale but that the position of the "normal" performance is not so ob­
vious. The "normal" performance or average worker performance is the 
criterion by which individual effort ratings are adjudged. 
Sylvester?, in a statistical approach to the solution of the 
problem, advanced the theory that the human being performs very much 
like a two-speed motor. The slow-speed pace is viewed as that of an in­
attentive, unmotivated or bored worker. Based on this assumption it can 
be readily seen that the statistical curve is of bimodal rather than 
uni-modal characteristic. 
Data gathered from motion pictures of 46 unsuspecting unladen 
male subjects, chosen at random from those photographed walking along a 
city street, substantiated the bi-modal theory to Sylvester's satisfac-
faction. One modal average, reportedly, developed rt to 3 » 2 5 miles 
per hour and another at 3 » 7 0 to 3»£>5 miles per hour. 
5 
S. B. Dipple, Time Study in Light Industry (Manchester, Eng.: 
Mechanical World Monograph, Ho. 2 7 , 1 9 4 6 ) p. 14. 
7L . A. Sylvester, The Handbook of Advanced Time-Motion Study (New 
York: Funk and Wagnalls, 1 9 5 0 ) p. 7 8 . 
10 
Presgrave ' s a t t i tude , regarding the records o f output of a large 
group engaged in the performance of i den t i ca l work, was that those r e c ­
ords may not represent their true r e l a t i ve c a p a c i t i e s . He intimated 
that such records indicate their po ten t ia l productive a b i l i t i e s modi­
f i e d by a composite of f o r c e s ; that i s , individual d i f f e rences . He 
stated that accumulating evidence poin ts to the fundamental soundness of 
acceptance of the standard balanced frequency curve as representat ive of 
performance ranges and of the reasonable dependabil i ty of a 2.25:1 r a t i o 
for a s ingle canaci ty such as e f f o r t . He qua l i f ied the term "e f fo r t " 
as meaning the speed of movement without accounting for the expenditure 
of energy or the e f f e c t s of s k i l l . 
In commenting on the range of human cei->e,cities, th is authority 
asserted that the matter of performance ranges had rece ived too l i t t l e 
a t tent ion and as a consequence more knoweldge was ava i lab le on d i s t r i ­
but ion. He acknowledged Wechsler 1 s f indings as the most noteworthy in 
that par t icu lar f i e l d . 
In general , i t appears that a high percentage of the au thor i t i es 
accept the 2:1 range r a t io fo r general app l i ca t ion . 
11 
I I I 
INDIVIDUAL PERFORMANCE DIFFERENCES (OPERATIONAL) 
THE BIG PROBLEM OF TIME STUDY FOR THE ESTABLISHMENT OF PRODUCTION 
STANDARDS IS THE EVALUATION OF THE TIME REQUIRED FOR THE NORMAL OR AVER­
AGE PERSON TO PERFORM HIS GIVEN TASK OR JOB. THIS MIGHT BE RESTATED 
AS—THE SETTING OF A PERFORMANCE "NORM" FOR A GIVEN TASK. IT IS EVI­
DENT TO ALL THAT THE "NORM" TIME LIES AT SOME POINT WITHIN THE EXTREME 
LIMITS OF THE RANGE OF PRODUCTIVITY, ALTHOUGH THE EXACT LO CATION IS NOT 
EASILY DEFINED. 
IT IS GENERALLY RECOGNIZED THAT MODIFICATION OF RECORDED TIMES 
IS NECESSARY TO COMPENSATE FOR THE RELATIVE PRODUCTIVITY, WITH RESPECT 
TO NORMAL, OF THE WORKER BEING OBSERVED. THIS MAKES THE "NORM" TIME A 
HYPOTHETICAL VALUE DEPENDENT UPON THE ABILITY OF THE TIME STUDY OBSER­
VER TO ADJUDGE THE ACTUAL OBSERVED PERFORMANCE AGAINST HIS CONCEPTION 
OF A "NORMAL" PERFORMANCE. ALL SUCH DECISIONS ARE, NECESSARILY, CON­
DITIONED UPON THE SPEED OR RAPIDITY OF THE OPERATOR'S MOTIONS AND THE 
MOTION PATTERNS USED IN THE PERFORMANCE. 
IN HIS COMMENTS ON THE RANGE OF EFFORT PRESGRAVÊ  DWELT AT 
LENGTH ON THE METHODS BY WHICH PRODUCTIVITY OF INDIVIDUAL WORKERS ARE 
EVALUATED. HE POINTED OUT THAT THE MANY PAST AND CURRENT METHODS, 
PURPORTEDLY SCIENTIFIC, DIVIDE ROUGHLY INTO THREE MAIN GROUPS, NAMELY: 
1. THE APPLICATION OF MATHEMATICAL FORMULAS. 
RALPH PRESGRAVE, THE DYNAMICS OF TIME STUDY (NEW YORK: MC-
GRAW-EILL BOOK COMPANY, 19^5) P. 5I» 
12 
2, The appl ica t ion of external cor rec t ion fac to rs derived from 
" l e v e l i n g " , "rat ing", e t c . 
3- The comparison of s p e c i f i c motion times with predetermined 
standard times. 
Any or a l l of the techniques, whatever their c l a s s i f i c a t i o n s , 
must encounter and account fo r the wide var ia t ions in motion times and 
methods inherent in individual workers. The lack of stardar&ization o f 
human "beings makes the development of uniform standards for ove r - a l l 
app l ica t ion most problemat ical , i f not impossible . 
P r e s g r a v e 1 d i s m i s s a l of mathematical appl ica t ions was p re ­
dicated upon the f a i l u r e of such methods to devote d i rec t considerat ion 
to two of the major f a c t o r s : 
1, Workers' methods. 
2 , Speed of motions. 
The app l ica t ion of external co r rec t ion fac to r s fo r the determina­
t ion of the l e v e l of product ive e f fo r t i s general ly accepted as the best 
subst i tute fo r the yet undeveloped per fec t technique. 
Under "rating" or " l eve l ing" methods, d i f fe r ing interpretat ions 
and var ia t ions in measuring mediums are encountered which, coupled with 
d i f f e rences in percept ive powers and judgment f a c u l t i e s of the observers, 
make uniform evaluat ion of performance times current ly impossible o f 
attainment. Romberg 1s^ d iscuss ion of the "normal" worker brings out 
many of these d i f f e r e n c e s . 
2 I b i d p . 52-3 
^W. A. Gomberg, A Trade Union Analysis of Time Study,(Chicago: 
Science Research Assoc ia tes , 19^8) PP. 145-46. 
13 
k 
Barnes has said that the most important and the most difficult 
part of stop-watch time study is to evaluate the speed or tempo at which 
the person is working while the study is being made. Results of a sim­
ultaneous study, made by a group of nine experienced time study men, of 
the same operation shows conclusively the high degree of variation that 
can be expected in the time standards set by current time study methods. 
Each observer was permitted to use his accustomed method in rating the 
performance. Comparison of the results showed that recorded times va­
ried from a low of . 9 8 minutes to a high of 1 .08 minutes. The average 
of the nine studies was 1 .03 niinutes from which the lowest and the 
highest values deviated by 5 P e r cent, each. The average performance 
"rating factor" for the group was 107 P^r cent which included a low of 
100 per cent and a high of 110 per cent. 
The short time element indicates that the operation under ob­
servation was, most likely, a relatively simple one. Operations of 
greater complexity may be expected to introduce greater deviation, to 
make the true measure of productive effort even more erroneous. 
In another instance a program-' designated to test as well as 
improve the judgment ability of time study personnel was conducted at 
the Honeywell plant of the Minneapolis-Honeywell Regulator Company, 
under the guidance of a qualified consultant. He introduced the theory 
**R. M. Barnes, Motion and Time Study, 3 D Ed. (New York: John 
Wiley & Sons, 19U9) pp. 3^7 & 352. 
-'W. B. Wisecarver, Setting the Worker Normals for Time Study 
Purposes (Factory Management and Maintenance, Vol. 104, No, 10 , 
October, I9I+6) p. 1 2 2 - 6 . 
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that any group of i n t e l l i g e n t people has, c o l l e c t i v e l y , a good concept 
of "normal" on any simple operat ion; a l s o , that i t i s not too d i f f i c u l t 
to cor rec t fo r the few exceptions to the group average. 
The f i r s t step was the establishment of a uniform " leve l ing" 
f ac to r based on a normal of 100 per cent with 5 P e r cent increments fo r 
evaluating operat ive d i f f e r ences . 
The second step was to bring together a representat ive group f o r 
the purpose of rat ing performances of a se r i es of j o b s , using the uni­
form l eve l i ng f a c t o r . This group was not l imi ted to time-study and 
methods engineers but included the fac tory superintendent, foremen, se t ­
up men, group leaders and union stewards. During the i n i t i a l stages 
only those persons well acquainted with the jobs being rated were ca l l ed 
on to rate the performances. 
Twelve or f i f t e e n d i f fe rent operat ions were se lec ted and the op ­
erators were ins t ructed to perform at a tempo of their own choosing but 
to maintain that l e v e l as nearly as pos s ib l e throughout the rat ing ses­
s ion . Hone of the ra ters were to divulge their ra t ings un t i l the ses ­
sion was completed. An experienced time-study engineer recorded the 
elemental times for the purpose of checking resu l t s of the individual 
observers . The individual ra t ings were purely the ra te rs conception of 
what he judged the operator was doing in terms of e f f e c t i v e performance 
expressed in per cent of normal, 100 per cent . These rat ings were 
averaged and th i s average ra t ing was assumed to be the probable cor rec t 
rat ing f o r the operator being observed. ¥hen the individual ra t ings 
were p l o t t e d against th is average i t was revealed that 75 to SO per 
cent were within 5 P e r cent , plus or minus. Only 2 or 3 P e r cent de­
via ted from the average by more than 10 per cent . 
After these preliminary steps were completed, approximately, 
f o r t y persons were se lec ted to study a var ie ty of operations to learn 
how c l o s e l y they could rate types of work on which they had had no ac ­
tual exper ience . Jobs chosen included assembly as well as machine work. 
Prom study of the r e su l t s of th i s larger group, i t was concluded 
that any group of i n t e l l i g e n t people could be taught to judge an op­
era tor 1 s performance, e s p e c i a l l y when near normal. It was observed 
that, when an operator was performing at normal or within 20 per cent, 
plus or minus, of normal, these people were nearly always in agreement 
as to the proper ra t ing . However, when the tempo exceeded 120 per cent 
or was l e s s than SO per cent , the judgments began to waiver and became 
incons i s ten t . Here, as has been observed elsewhere, the raters tended 
to under rate high-speed performances and to over ra te the slow-speed. 
Both of these examples are c i t e d to show that inexperienced as 
we l l as experienced ra ters vary mater ia l ly in a b i l i t y to rate perform­
ances in a uniform manner. Prom the rat ing standpoint, a lone, there i s 
p o s s i b i l i t y of a minimum error of 10 per cent . Such d i f fe rences are, 
of course, r e f l e c t e d in the ove ra l l performance evaluat ion of i nd iv i ­
dual worker performance. 
Everyone i s famil iar with the fa.ct that no two individuals are 
exac t ly a l ike and that inherent d i f fe rences may be expected to p reva i l 
c 
in their work performances. According to Har re l l 0 industr ia l psycholo-
bT. W. Harre l l , Industr ial Psychology (New York: Hhinehart and 
Company, 19^9) p . l64. 
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l o g i s t s oppose the p r a c t i c e s of those motion-time author i t ies who advo­
cate determining the one-best way to perform each job and training the 
worker so that he w i l l f o l l o w that exact pat tern. The counter-proposal 
i s that each employee should be taught a good way to perform a given 
job or task and then be allowed to vary from that pattern as may be r e ­
quired to compensate f o r individual d i f f e r ences . Motion economy should 
not , therefore , prevent employees from using some motions that may B.-p-
pear i n e f f i c i e n t but which contribute to the rhythm of the work e f f o r t . 
Harrell has a l so stated that the matter of individual d i f f e r ­
ences comprised the f i r s t study undertaken by the industr ia l psycholo­
g i s t s and that i t has rece ived more a t tent ion than any ether problem. 
The amount of de ta i l ed data now avai lable on industr ia l employees i s 
not of great magnitude.? 
The rhythm fac to r and use o f both hands, simultaneously, are o f 
considerable importance when viewed from the p roduc t iv i ty standpoint. 
This was emphasized by resul t s o f a t e s t in which individuals , using 
both hands, were required to push s l ide r b locks back and for th along 
bars . The ends of the bars nearest the body were p ivo t t ed and the out ­
ward ends were free to ro ta te to any desired angle within a 90 degree 
arc . The best "average" speeds were attained when there was a 60 degree 
angle between the plane of the body and the d i r ec t i on o f motion. The 
fas tes t individual times, however, were recorded fo r those individuals 
whose hands were moving in opposi te d i r ec t i ons along the bars pos i t ioned 
Ib id , p . 53* 
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at an angle of 0 degrees with the plane of the body . 
Figure 1 page 92 shows the extent to which an ind iv idua l ' s 
performance times may vary with respect to that ind iv idua l ' s average 
time fo r a s e r i e s o f r epe t i t i ve operat ions . This data reveals that 
the individual deviat ion ranges are of l e s s magnitude fo r the slower 
f r e e - c h o i c e tempo than f o r the fas tes t pace . This substantiates the 
f indings of Boethlesberger and Dickson^ who made a somewhat d i f fe ren t 
approach. They observed that individual deviat ion d i f fe rences , morn­
ing v s . afternoon, were of greater magnitude for the fas tes t workers 
and that the slow-pace worker curves exhibi ted much l e s s va r i a t ion . 
By contrast , comparison of Figures 4, 6, S, and 10 shows that 
d i spers ion of individual averages, with respect to the mean fo r the 
group, i s l eas t f o r the fas tes t tempo and increases as the pece s lows. 
The fas ter paces are o f motivational order . 
Another f ac to r a f fec t ing the performance rate i s that of r e l a t ­
ing concentrat ion and movement. So long as the e f fo r t can be of rhythmi­
ca l nature and of such s impl i c i ty as to require very l i t t l e mental e f ­
f o r t the performance times are ind ica t ive of r e l a t i v e l y high e f f i c i e n c y . 
Any var ia t ion of method that introduces minimum appl ica t ion of mental 
may cause a no t iceab le increase in the ove ra l l performance t i m e . ^ 
-
Loc. c i t . , p . l64. 
9P. J. Roethlesberger and W. J. Dickson, Manacement and the 
Worker (Cambridge, Mass.: Harvard University Press 19^9) p . ^36. 
1 0 I n f r a , Table XXI. 
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Complete analysis of operational motions can, perhaps, be most 
reveal ing of individual d i f fe rences f o r any given j o b . A ser ies of mo­
t ions which can be rhythmically accomplished are, reputedly, conducive 
to fas tes t performance t i m e s . M o t i o n s which do not blend or merge, 
one into the other , produce longest performance t imes. 
As a r e su l t of micro-motion study of a number o f operators 
performing the same standardized operat ion, f o r de tec t ion of the e f f e c t 
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of s k i l l and e f fo r t on motion times, Stegmerten and assoc ia tes r e ­
por ted that no two operators fo l lowed iden t ica l motion patterns and that 
d i f fe rences were of far greater magnitude than would be apparent to the 
casual observer . I t was a l so revealed that individual operat ives var ied 
thei r methods on successive c y c l e s . The d i f fe rences in individual out ­
puts were a t t r ibuted to method d i f f e rences ; that i s , d i f fe rence in the 
number of motions used. The most productive operator, rated at 123 P e r 
cent e f f i c i e n t , used 21 . S bas i c elements per cyc le compared with 4L.7 
elements f o r the l eas t product ive , rated S6 per cent e f f i c i e n t . This 
gave a r a t i o of 192:100 f o r the motions used. 
Author i t ies who appear to have made the greatest contr ibut ions 
to the development of motion analysis are Barnes, Holmes, and Maynard, 
Stegmerten and Schwab. These contr ibutors have c l a s s i f i e d the various 
types of motion, normally encountered in industr ia l operat ions , and 
have prepared tables o f standard times fo r these motions. 
IT 
E. M. Barnes, l o c . c i t . , p . 227. 
12 
Maynard, Stegmerten and Schwab, Methods and Time Measurement 
(Hew York: McGraw-Hill Book Co. , I n c . , 19^8) p . 2f8. 
19 
13 
P. V. Taylor, S c i e n t i f i c Management: The Pr inc ip les of 
S c i e n t i f i c Management (New York: Harper Brothers, I9U7) pp. ^3 
and 65. 
^ A . B. Segur, The Story of Motion Time Analysis , (Oak Park, 
1 1 1 . : A. B. Segur and Go.) p . 7. 
"^Presgrave, op . c i t . , p . 57* 
Studies of Taylor 1 p r o j e c t s f o r the handling of p ig iron and 
f o r the shoveling of steel-making materials showed, to the s a t i s f ac t i on 
of many, that method and speed of motions were the l imi t ing fac to r s on 
the p roduc t iv i ty range during the work c y c l e . 
S e g u r ^ , another proponent of motion-time methods, has propounded 
as a natural phys ica l law, the theory that 
"within p rac t i ca l l i m i t s , the 
times required by a l l expert 
workers to perform true funda­
mental motions i s a constant ." 
He has defined "prac t i ca l l i m i t s " as maximum var ia t ion of 20 per cent 
and, again, as the l imi t s that usually surround the performance of work 
and motions taking longer than .0001 minute to complete. The terms 
"expert workers" and "fundamental motions" are not as c l ea r ly defined. 
In commenting on the method of comparing s p e c i f i c motion times 
with standards, Presgrcve^5 indicated that the method, though i d e a l i s ­
t i c , held considerable promise insofar as simple motions were concerned. 
Because of the pauci ty of conclusive data and the lack of standards 
t ab les , f o r be t t e r evaluat ion, he relegated the motion-time method to 
the academic l e v e l . His lack of knowledge of de f in i t ions for proper 
appl ica t ion of Segur 's Law of Motion Time caused him to view that 
method ques t ion ingly . 
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Presgrave a l so questioned the v a l i d i t y of using standard motion 
times, f o r universal app l ica t ion , because of the var ia t ions inherent in 
materials over which the operator has no con t ro l ; namely, res is tance o f 
materials to shaping and f ab r i ca t i on . 
On the other hand, Stegmertea and associates'*"? maintained that 
there was no necess i ty for judging the performance l eve l of the opera-
tor in the app l ica t ion of their system. For app l ica t ion , i t i s only 
necessary to determine the exact motions required f o r the given perform­
ance and to assign predetermined time standards to each l imit ing motion. 
The " l imi t ing motion" i s defined as that one of two or more simultan­
eous or concurrent motions requiring the longest element of time fo r 
performance. Summation of a l l of the separate l imi t ing motion times 
represents the production standard f o r the j o b . By this method the 
judgment f a c t o r i s t ransferred to the evaluation of the correctness o f 
motions used in job performance. 
,0ne of the bas ic p r i n c i p l e s of s c i e n t i f i c management i s the r e ­
moval of a l l ba r r ie r s to the continuous performance of production work­
e r s . For fu l f i l lmen t , management must develop e f f i c i e n t work s ta t ions , 
es tab l i sh continuous f low of materials and production t o o l s to the op­
era tors , provide an adequate program of development and maintenance of 
t o o l s , machinery and equipment, and provide the operators with written 
ins t ruc t ions and supervision to eliminate need for excess ive mental 
e f f o r t . 
jv • • 
Loc. c i t . 
^Kaynard, Stegmerten end Schwab, op . c i t . , p . v . 
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Grilbreth pioneered the appl ica t ion of the p r i n c i p l e s of sc ien­
t i f i c management in the construct ion f i e l d . The p rac t i ce of training 
the helper , who supplied the br icks to the mason, to p o s i t i o n the b r i cks 
s e l e c t i v e l y in the "pack" r e l i eved the mason of the task of face s e l e c ­
t i o n . Correct ly tempered mortar made poss ib l e the bedding of the b r icks 
to proper depth with hand pressure rather than by trowel tap. Proper 
e leva t ion and l o c a t i o n of b r i ck "packs" and mortar boards, with r e -
siDect to the mason's s ta t ion , minimized the turning and s tooping . These 
fea tures , p lus minute study of the motions ac tua l ly required f o r proper 
b r ick lay ing , made pos s ib l e the reduction of movements from IS per b r i ck 
to 5 and fo r one type to a low of two. By such techniques the average 
product ion, f o r standard condi t ions , was increased from 120 per hour 
to 350 per hour. One of the more important phases of the Grilbreth 
method was the teaching of mechanics the simultaneous use of both 
hands instead of success ive ly . 
The success of any revolut ionary technique can be assured only 
through t ra in ing . H. L. Gantt"^, £ noted pioneer industr ia l engineer, 
was the f i r s t to campaign v igorous ly for management sponsored programs 
for worker t ra in ing . Even though he well pub l i c i zed h i s successes in 
th i s function of management, a per iod of ten years were to elapse b e ­
fore the p r a c t i c e rece ived general industr ia l r ecogn i t ion . 
— 
F. B. Grilbreth, Bricklaying System (Hew York: Myron C. 
Clark Pub. Co.) 
^ L . P. Al fo rd , Henry Laurence G-antt: Leader o f Industry 




T i f f i n has stated that tes t s and studies prove conc lus ive ly 
that t raining assures improved production l e v e l s . I t was further r e ­
vealed that t raining can also accentuate rather than lessen the e f f e c t s 
of individual d i f f e rences , from the product ive range standpoint. He 
a lso advocated that the h igh- leve l producer w i l l maintain that p o s i t i o n 
cons i s ten t ly and that the low- leve l producer w i l l remain in a r e l a t i v e ­
l y lower p o s i t i o n , even after comprehensive t ra in ing. It must he con­
cluded that t ra in ing cannot be considered an instrument f o r equal iza­
t ion of the product ive a b i l i t i e s of a l l individuals , Following a 
se r ies of t e s t s of manual a b i l i t y of a group of individuals who had 
jus t completed three months of intensive t ra ining, T i f f i n found that 
improvement was more apparent for those of the group who tes ted low, 
i n i t i a l l y , than for those who showed h igh- leve l p o t e n t i a l s , o r i g i n a l l y . 
Addit ional conclus ions were that, f o r simple tasks, there wi l l be a 
decrease in the e f f e c t s of individual d i f fe rences whereas, fo r work of 
more complicated nature, the d i f fe rences may be accentuated and, f o r 
tasks of an intermediate nature, the d i f fe rences may be unaffected. 
As a r e su l t of his f indings another p s y c h o l o g i s t ^ concluded 
that organized t ra ining and prac t ice d e f i n i t e l y ra ises the p r o f i c i e n c y 
at which a capaci ty can be made to funct ion. Accumulated evidence was 
not convincing that training could destroy individual d i f fe rences or 
20 
Joseph T i f f i n , Industr ial Psychology, (Hew York: Pren t ice -
Hal l , I n c . , 19^7) pp. 18-20. 
2 1 M , 3, Y i t e l e s , Industr ial Psychology (Hew York: W, W, Merton 
and Co. , I n c . , 1932) p . 10S. 
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mater ia l ly change the r e l a t i ve rank of an individual compared with these 
around him. 
In h is chapter on training methods, V i t e l e s 2 2 c i t e d cer ta in ones 
of major d i f fe rences that ex is t between the phi losophies of indus­
t r i a l psychology and method engineering. These pertain c h i e f l y to the 
p s y c h o l o g i s t s ' oppos i t ion to the "one-best-way" theory advocated by 
many of the l a t t e r p ro f e s s ion . In support of this contention, he c i t e d 
observat ions of E, Farmer, p sycho log i s t , which were, in part , as 
f o l l o w s : 
1. A l l time and motion studs'- must be undertaken 
s o l e l y in the in te res t s of lessened fa t igue 
and never in the in teres ts of increased pro­
duct ion. . . . 
2 . The underlying p r i n c i p l e of motion study i s 
rhythm and net speed. The best set of move­
ments i s the eas ies t set and not necessar i ly 
the quickest s e t . 
3 . . . . A l l e f f o r t of the inves t iga t ion should 
be concentrated on lessening fa t igue and 
increasing the ease with which the opera­
t i o n can be performed; other things being 
equal the operat ives w i l l set their own 
standards. . . . 
4 . Time and motion i s only part of a whole r e ­
gion of study a f fec t ing the human element 
in industry and can only be carr ied out in 
conjunction with the study of other equal­
l y fundamental problems. 
L y t l e 2 ^ has stated that the pioneer indust r ia l engineers learned 
2 2 I b i d , pp. 436-37. 
2 ^Charles W. Lyt ie , Job Evaluation Methods (Hew York: The 
Honald Press , 1946) p . 219. 
2k 
F. W, Taylor, op . c i t . , p . 39. 
2$ 
ear ly that s k i l l e d operators must be paid 120 per cent the preva i l ing 
ra tes to insure production of 100 per cent high task. T a y l o r ^ advo­
cated that incent ive payments ranging from J>0 per cent to 100 per cent , 
f o r varied occupat ions, were essent ia l fo r the constant attainment of 
maximum output. 
Present day incent ive programs include far greater problems than 
the wage payment cons idera t ion . Programs inc lus ive of worker welfare 
and retirement, promotions and pay increases through merit ra t ing, and 
other unique devices are commonly used to improve employee morale and 
to encourage maximum continuous output. 
Management's p o s i t i o n in the matter i s not too enviable . The 
extent to which i t i s economical to go beyond the more p r ac t i c a l ra t ing 
techniques into the realm of the l e s s well understood techniques of the 
indus t r ia l psycho log i s t s i s a problem of great magnitude. Pew firms 
appear to be w i l l i n g or can afford to expand funds necessary fo r s o l v ­
ing the overa l l problem. Few individuals possess the zeal of a Taylor 
and are w i l l i n g to expend personal fortunes in such researches. 
The foregoing comments and c r i t i c i sms point up many of the in­
cons i s tenc ies and inequa l i t i e s that prevai l in connection with the 
problem of c o r r e c t l y evaluating the actual performance ra tes of ind i ­
vidual workers. Much of the weakness i s a t t r ibutable to the f a i l u r e of 
au thor i t i e s , in the f i e l d , to f ind common ground fo r the settlement of 
some of the major d i f fe rences within the various systems. Continuing 
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and growing interest is evidenced by the increasing amounts of material 
published annually. Entry of a. greater number of industrial psycholo­
gists into the field of research on matters related to productive ef­
fort has spurred greater interest. No doubt much proven data remains, 
as yet, unpublished and it is expected much of it will contribute 
greatly to further enlighten the problem. 
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IV 
INDIVIDUAL PEIIFORMAHCE DIFFERENCES (PERSONAL) 
Individuals engaged in the performance of work are assa i led to 
varying degrees "by l imi t ing fac to r s of a nonoperational nature. The 
e f f e c t s of these f ac to r s are d e f i n i t e l y r e f l ec t ed in the produc t iv i ty 
of the individual and the e f f e c t of some of them have not as yet been 
completely in terpreted. 
Sylvester^ has branded methods p rac t iced by time study engineers, 
in the evaluat ion of time standards, as confessions of weakness because 
of what he termed temporary nature. In other words, the use of l e v e l ­
ing and rat ing f ac to r s were viewed as evidence of the l ack of f a i t h in 
the method used. He asserted that the purely s c i e n t i f i c concept re ­
quires a more intimate knowledge than the broad general statement that 
time study deals with the mechanical and the human aspects of the work. 
Pull knowledge of the nature of the work, an out l ine of i t s boundaries 
and a desc r ip t ion of i t s v a r i e t i e s are s tressed as n e c e s s i t i e s as op­
posed to the more common temporary expendiencies. 
This authori ty has gone so far as to compare the dynamic e f f i ­
c iency of the human organism to that of various power producing d e v i c e s . 
The analogy was expressed as e f f i ency re la t ionship of the antimate ca­
p a c i t y to that of the mechanical device as: motorcycle , 1.25:1; truck 
and bus engines, l , l 4 : l ; d i e se l bus and truck engines, .36:1; and 
^"L. A. Sylvester , The Handbook of Advanced Time-Motion Study 
(Hew York: Funk and Wagnalls, 1950) p . 4 . 
27 
stat ionary d ie se l engines, .S3*1» On the acceptance of such a hypothe­
s i s , i t becomes immediately apparent that the low- leve l performances o f 
many individuals represents a l o s s of considerable product ion. 
Unlike the performance cha rac te r i s t i c of a mechanical power 
p lant , the influence of fa t igue appears ear ly in the performance of the 
human being and continues to bui ld up not iceably i f the work e f fo r t i s 
prolonged unless res t or recuperation per iods are authorised. The 
length and spacing o f rest per iods were considered of great importance 
in the h igh - l eve l production schedules d i rec ted by Taylor . I t i s ex­
ceedingly d i f f i c u l t to segregate the fa t igue decrement from other ef­
f e c t s such as boredom or p sycho log i ca l , p h s i o l o g i c a l and s o c i o l o g i c a l 
inf luences , f o r separate analys is . 
l a ck of knowledge of the true influence of recuperative rout ines 
on phys ica l and mental capac i t i es has given r i s e to many d i f fe r ing opin­
ions . Programs for concert p ian is t r e c i t a l s usually include one or 
more l i gh t p i e c e s between those requir ing greater e f f o r t , to compen­
sate fo r the acce le ra ted output. Operative changes in motion patterns 
of successive c y c l e s of a r epe t i t i ve work ser ies are considered attempts 
by the operators to accomplish the same r e l i e f o b j e c t i v e . Respons ib i l ­
i t y for the proper evaluation and inclus ion of a l l such e f f ec t s on in ­
dividual performances, in a l l l i k e l i h o o d , can never be successfu l ly 
imposed upon the motion-time engineer at the appl ica t ion l e v e l . 
At the behest of Taylor, Barth deduced by complex mathematics 
^F. W. Taylor, Shop Management (New York: Harper and Bros . , 
19^7) P. 57 
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that, f o r the continuous handling of 92-pound p igs of i ron , the worker 
could he laden hut per cent of the work per iod; that i s , for ten 
hours. Higher percentage load times were evolved fo r the manual move­
ment of items of l e s se r weight. Such mathematical treatment apparently 
has not teen done ex tens ive ly in recent year. 
Because of the confusion and uncer ta ini ty surrounding the true 
iden t i ty and e f f e c t s of the elements inducing fat igue during per iods 
of continuous exer t ion , cer ta in of the au thor i t ies in the indust r ia l 
f i e l d ha.ve recommended that the concept of fat igue he en t i r e ly elimina­
ted from the s c i e n t i f i c d iscuss ions of industr ia l work. 
Cohen's"^ system fo r the establishment of correc t performance 
standards excludes the addi t ion of a separate fa t igue f a c t o r . His 
technique p laces a high premium on the judgment capacity of the time 
study observer . During the timing process the observer i s expected to 
superimpose upon the performance being observed a mental p i c tu r i za t ion 
of the motion speeds at which the operator could perform continuously 
without dimunition of productive e f f o r t . Time values are adj\isted to 
conform to the v i sua l i s ed standard performance. 
Cohen reported that Eirkhoven, a Dutch authori ty, has sought 
to eliminate the need fo r including a fat igue fac to r in h i s ca lcu la ­
t ions through the use of measured s i ng l e - cyc l e times and continuous 
performance curves, in combination. 
3Abraham Cohen, Time Study and Common Sense (London: McDonald 
and Evans, 19^7) p . 57 • 
^Loc. c i t , p . 19. 
29 
The influence of such fac to rs as the boredom created by monotous 
r e p e t i t i o n , the p sycho log i ca l , the p h y s i o l o g i c a l , the s o c i o l o g i c a l , 
"solder ing" and the var iab les of the human eouation are a l l l e s s c l ea r ly 
understood than i s that of the diminishing influence of continuous ef ­
f o r t on the individual reservoi r of energy. Techniques fo r the measure­
ment of such f a c t o r s are rather uncommon. 
Prom a p r a c t i c a l standpoint, V i t e l e s has indorsed the production 
curve as the most s a t i s f ac to ry determinant of the e f f e c t of methods 
and condi t ions upon the individual capaci ty f o r work. The character­
i s t i c curve i s shown in Figure 2 , page 93 . In p r inc ip l e i t i s as­
sumed that the f o r c e s of training and fa t igue are antagonis t ic in ef­
f e c t . When the e f f e c t of t raining i s in the predominating p o s i t i o n 
the output curve r e f l e c t s a r i s ing cha rac t e r i s t i c . However, as the e f ­
f e c t s o f fa t igue and re la ted f ac to r s equal that of the training in­
f luence , the curve l e v e l s o f f , and as the adverse f a c t o r s increase fur ­
ther the curve shows a decreasing cha rac t e r i s t i c . In other words, the 
curve p ic tu res the c o l l e c t i v e e f f e c t of a l l the var iab les on the range 
of human p roduc t i v i t y . 
Morrow-** has l i s t e d the causes of fa t igue as f o l l o w s : 
1. Unsat isfactory emotional adjustment. 
2 . Bod i ly d e f i c i e n c i e s . 
3. Unsuitable surroundings. 
Such reasoning would seem to eliminate from considerat ion any r e l a t i o n ­
ship between the decreasing worker output required fo r continuous 
^Robert L. Morrow, Time Study and Motion Economy, (Hew York: 
The Konald Press Co. , 19*4-6) p . 142 
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performance. However, f o r p r ac t i ca l app l ica t ion , th is authority has 
tabulated cer ta in percentage allowances fo r the fa t igue element which 
are useful data f o r the typ ica l computation of standard times fo r va­
r ious types of work. 
Tabulations compiled from daylong performance date, make i t 
r e l a t i v e l y easy to determine approximate fatigue f ac to r s f o r subse­
quent use . 
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EXPERIMEITATIOB A1JD INVESTIGATION 
Discussions in the foregoing chapters have created need fo r 
f i r s t -hand knowledge of performance re l a t ionsh ips . Accordingly, a 
se r i es of card-dealing t e s t s were conducted using a group of c o l l e g e 
engineering students as subjec ts . 
Card deal ing was used to simulate work because of the s impl ic i ty 
of the operat ion and f o r the ease with which novices can acquire suf­
f i c i e n t s k i l l f o r acceptable performances. Pour thir teen-card hands 
cons t i tu ted a s ingle c y c l e . 
Control measures by which var iables were held to a minimum in­
cluded four seven-inch souare boxes with one-inch high s ides , arranged 
as shown in Figure IS , page 111, to rece ive the cards dea l t , plus the 
requirement that the knuckles of hand holding the deck be held at res t 
on the table t o p . 
The remaining uncontrol led var iables were adjudged to be i n d i v i ­
dual ac t ion times of pos i t ion ing and d i s t r ibu t ing the cards and the d i s ­
tance that the deal hand traveled in disposing each card into i t s ap­
proximate box. 
The seat height throughout the ser ies of t e s t s p laced the table 
top at appropriately waist l e v e l to give elbow e leva t ions s l i g h t l y 
above the ho r i zon ta l . 
Cycle times were measured by Marstochron and splithand decimal-
minute stopwatch. Accuracy of .001 minutes i s cha rac te r i s t i c of each 
of these d e v i c e s . 
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I t was proposed to study, in a modified manner, under two hypoth­
eses propounded by Hull and Wechsler, c i t ed by Presgrave^ as f o l l o w s : 
1 . Human capac i t i es divide into several groups in 
each of which there i s a wel l defined uniform 
range from the lowest to the highest degree. 
2 . Throughout each of the ranges d i s t r ibu t ion f o l ­
lows a d i s t i n c t and universal pattern which can 
be reduced to a working formula. 
Inves t iga t ive e f fo r t was directed toward the analysis of the 
quest ion: 
"WHAT ARE THE CHARACTERISTICS OP THE PERFORMANCE RANGE?" 
under the fo l lowing sub-headings: 
1 . What are the performance ranges at various paces? 
2 . Can d e f i n i t e l e v e l s of performance be iden t i f i ed? 
3 . How many de f in i t e l e v e l s of perfor mance can u 6 
i den t i f i ed? 
h. What i s the re la t ionship of these l e v e l s to each 
other? 
5. What are the cha rac te r i s t i c s of each l e v e l ? 
6. What i s the re la t ionship of the individual to each 
l e v e l ? 
7 . What i s the influence o f method? 
8. Can i t be establ ished that the range i s continuous 
or do de f in i t e increments ex i s t ? 
9. P r e d i c t a b i l i t y of the r e s u l t s . 
For purposes of s t a t i s t i c a l s impl i f i ca t ion the averages of the 
f i v e - and th ree -cyc le deal times for the respec t ive subjects were 
"'"Ralph Presgrave, The Dynamics of Time Study, (New York: Mc­
Graw-Hill Book Co. , I n c . , I3U5) p . gg. 
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taken as s tar t ing po in t s fo r the mathematical treatment of the r e s u l t s . 
As i s customary, according to time study p r a c t i c e s , the bas ic 
assumption was made that the individual d i f ferences have the character­
i s t i c o f normal d i s t r ibu t ion and can be so represented by the b e l l -
shaped d i s t r i bu t ion curve. 
In the majority of cases the subjects dealt a se r ies of f i v e 
consecutive c y c l e s ; however, some were l imi ted to three cyc les by 
shortage of avai lable time. The recorded t ines cover deal only and do 
not include the pick-up times between dea l s . 
In order that the performance cha rac te r i s t i c s could be bet ter 
v i sua l i zed fo r the overa l l operat ional range for the group of subjects 
i t was decided to s t ipula te several pace rates from the slowest to the 
f a s t e s t . The paces indicated below are those of which, i t was reason­
able to assume, the subjects had sound concept . Accordingly, deal 
tempos f o r the inves t iga t ion included: 
1 . Fastest pace 
2 . Incentive pace 
3. Hormsl pace 
4. Free choice pace 
5. Slowest pace 
A l l group pa r t i c ipa t ion fo r each deal pace was completed be ­
fo re any individual performed at another pace. The raw data was ac­
cumulated over a per iod of approximately eight weeks. 
Ins t ruct ions were issued the performers as f o l l o w s : 
>ra, p . 31 . 
Under condit ions^ s t ipulated, deal f i ve cyc l e s as rapid ly 
as p o s s i b l e in straight clockwise ro ta t iona l order but, 
with res t ra in t necessary to insure deposit of cards in 
appropriate boxes . Consistent speeds are des i red. 
Under condi t ions s t ipulated, deal f i ve c y c l e s at what 
i s to be that maximum or incent ive pace which could be 
maintained, without excess ive fa t igue , f o r eight hours 
d a i l y , i n d e f i n i t e l y . Deal in straight ro ta t iona l 
clockwise order exerc i s ing the res t ra in t necessary to 
insure placement of the cards in the appropriate boxes . 
Maintain speed consis tency. 
Under condi t ions s t ipulated, deal f i v e cyc l e s at that 
pace defined as "normal" with respect to the incent ive 
pace . That i s , fo r the incent ive pace, perform at the 
100 per cent l e v e l , Exercise specia l care to place 
the cards in the boxes. Proceed in straight ro t a t i on ­
al order in clockwise d i r ec t i on . Maintain speed con­
s is tency as nearly as p o s s i b l e . 
Under condi t ions s t ipulated, deal f i v e cyc l e s at 
that pace one would choose i f there were no incen­
t ive to perform more rap id ly . Exercise e f fo r t to 
get the cards into appropriate boxes and proceed in 
s t ra ight ro ta t iona l clockwise order . 
Under condi t ions s t ipulated, deal f i ve cyc le s at the 
slowest continuous pace poss ib l e to maintain without 
imposing s e l f - r e s t r a i n t . Proceed in ro ta t iona l 
clockwise order and get the cards into appropriate 
boxes . 
Addi t ional t es t s included performances o f : 
Single indiv iduals dealing f o r extended per iods at 
cer ta in prescr ibed paces . 
A group ins t ructed to deal s traight ro ta t iona l 
order and on the diagonals, a l te rna te ly , fo r a to ta l 
of ten c y c l e s et the fas tes t at tainable pace. 
Small groups dealing in order : 
a. Three fas t -pace cyc les fol lowed by 
b . Three cyc l e s at a slower pace 
The recorded times data and computations thereon f o l l o w . 
4 . A small group operating under no ins t ruct ions 
other than to deal three c y c l e s . 
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S t a t i s t i c a l Analysis of the Fastest Pace Times 
f o r Straight Rotational Dealing 
No. Class 
No. of 
F r e q . ( f ) 
Deviation from 
Assumed Mean (d) f ( d ' ) f ( d ' ) 2 
1 . 2 7 0 - . 2 9 9 2 - 2 - 4 S 
2 . 3 0 0 - . 3 2 9 i 4 - 1 - 1 4 1 4 
3 . 3 3 0 - . 3 5 9 2 2 0 0 0 
4 . 3 6 0 - . 3 8 9 IS 1 18 IS 
5 . 3 9 0 - . 4 1 9 1 4 2 2 S 5 6 
6 . 4 2 0 - . 4 4 9 2 3 6 IS 
7 . 4 5 0 - . 4 7 9 2 4 8 3 2 
7 ^ 4 2 1 4 6 
Arithmetic Mean or Average fo r Sample. 
X = . 3 4 4 5 + ( 4 2 ) . 0 3 = . 3 4 4 5 + . 0 1 7 1 = . 3 § 2 minutes 
( 7 5 ) 
Median of the Sample. Mid point of a l l f requencies : N / 2 = 3 7 
f requencies . Since but l6 frequencies occur in the f i r s t two c lasses 
in te rpo la t ion into the 3 r & c lass g i v e s : 
M = . 3 2 9 5 + ( 3 7 ~ 1 6 ) . 0 3 = . 3 2 9 5 + .0286 = . 3 5 8 minutes 
2 2 
Modal Average of the Sample. 
. 0 3 = . 3 2 9 5 + . 0 2 0 0 = .350 min. 
( 2 2 - l 4 ) + ( 2 2 - 1 8 ) 
CT = . 0 3 ^ 1 4 6 - ( 4 2 ) g = . 0 3 ^ 1 . 6 5 2 = minutes 
Quarti le Dis t r ibu t ion fo r the Sample. F i rs t po in t : Q , 1 at N / 4 
7 4 / 4 - 1 8 . 5 f requencies above lowest . Since but l 6 f requencies 
TABLE I 
COMPUTATION OF AVERAGE AM) STANDARD DEVIATION OF FREQUENCY 
DISTRIBUTION FOR THE FASTEST PACE 
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occur in the f i r s t 2 c lasses in te rpola t ion g ives 
0 = ,3295 + (18,5 - 16).03 = .3295 + .03^ = .121 minute 1 22 
Mid p o i n t : = Median = .358 minute 
Third p o i n t : ^ at H/4 * "Jkfk = 18.5 frequencies from the 
highest l i m i t . Since hut 18 frequencies occur in the three c lasses 
in te rpo la t ion in to the hth c lass g i v e s : 
Qrz = .3895 + (18,5 - 18).Q3 = .3895 + .0003 = . ^ g j . minute 
* 18 
Skewness of the Sample Curve> 
3k = 3(»3&2 - .358) = +.01 skeined to the r igh t , s l i g h t l y 
Standard Deviation of the Population Estimated from Sample 
OllllHS - (k2)2 = .03 1/ I.67U = .0388 minute |f 73 7^73 
Standard Error of the Mean 
&x = . 0 3 8 8 / Ylh = .038S/8 .6 = .00U52 
Dependabil i ty. For - .00^5, two times out of three, the 
sample means w i l l f a l l within a range of ^ .00^5 of the populat ion mean, 
By the 5 P e r cent f i d i c u a l l imi t concept, i t can be safe ly assumed that 
the confidence interval i s .353 to .37^ minutes. That i s , in 95 times 
out of the 100 the mean of any sample w i l l neither equal nor exceed the 
upper l i m i t (»37l) n o r w i l l i t equal or be l e s s than the lower l imi t (-353). 
I t i s further stated with confidence that, f o r p r ac t i c a l pur­
poses , 99»73 P e r cent of the population l i e s within the in terval 
X ± 3<r or that the population l imi t s are: 
X + 3 3 s = .362 + 3 x .0388 = . 4 j S minute 
X - 3cr = .362 - 3 x .0388 = ,246 minute 
Accordingly , the range of e f f o r t f o r the s t ipula ted condi t ions 
at the fas tes t pace i s . 4 7 S / . 2 4 6 or 1.95:1 
Computation of Ordinate Values f o r Normal Curve. 
Maximum ordina te : Y = , 03 x ~[h = 22 .9 freauencies 
.0386 x 2 .5066 
TABLE I I 
ORDINATE VALUES FOR FASTEST PACE DISTRIBUTION CURVE 
Ordinate Time 1^ Ordinate 
Values Appendix D Value 
x l *2 Factor (Frequency) 
0 0 2 2 . 9 
. 332 .392 .778 . 68 1 5 . 6 
•302 . 422 1 .556 .298 6 . 8 
. 272 . 4 8 2 2 . 33^ .066 1 .5 
. 242 . 482 3 .112 .008 . 2 
5 
F, E. Croxton and D. J. Cowden, Applied General S t a t i s t i c s 
(New York: Prent ice-Hal l , I n c . ) 19^7 p . 872 . 
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S t a t i s t i c a l Analysis of the Incentive Pace 
Times f o r Straight Rotat ional Dealing 
No. of Deviation from 
No. Class F r e q . ( f ) Assumed Mean f ( d ' ) f ( d ' ) 2 
1 •330-.359 10 -2 -20 to 
2 .360-.3S9 13 -1 -13 13 
. 390 - .4 IS 22 0 0 0 
4 .420- .449 16 1 16 16 
5 .450- . 1+79 7 2 14 28 
6 .4SO-.509 5 3 15 45 
7 .510- .539 1 4 4 16 
74 16 158 
Arithmetic Mean or Average of the Sample. 
X = + (16) .03 = .^0^5 + .OO65 = .Ull minute 
Median of the Sample. Mid point of a l l f requencies : N/2 = 
74/2 = 37 f requencies . Since there are but 23 frequencies in the f i r s t 
two c lasses in te rpo la t ion into the 3rd. c lass g ives : 
M = .3895 + (37 - 23) .03 = .3^95 + .0191 = .40£ minute 
22 
Modal Average of the Sample. 
M = .3895 + [ (22 - 13) .03 1 = .3S95 + .018 = .kOS min. 
L(22-13)-(22-L6) 
Average Deviation of the Sample. 
C = .03 I 158 - j 1 ^ " " 5 *°3 72 .087 = .0434 minute 
Quarti le Dis t r ibu t ion of the Sample. F i rs t p o i n t : ^ at N/4 = 
TABLE I I I 
COMPUTATION OF AVERAGE AND STANDARD DEVI ATI Oil OF FREQUENCY 
DISTRIBUTION FOR THE INCENTIVE PACE 
Ho 
74/4 - 18.5 frequencies in 1ST or lowest quar t i l e . Since but 10 frequen­
c i e s occur in the f i r s t c l a s s in te rpola t ion into the 2nd c lass g ives : 
QJ. = .3595 + (18 .5 - 10) .03 = ,3595 = .0196 = .^11 minute 
13 
Mid po in t : = Median = .409 minute 
Third p o i n t : 0^ at 3^/^ ~ 3 X 7^/^ = 55*5 frequencies which number i s 
18.5 f requencies below the to t a l number. Since but 13 frequencies o c ­
cur in the l a s t three c l a s ses , in te rpola t ion into the 4TH c lass g i v e s : 
o - .1^95 - ( 1 8 . 5 - 13) .03 = .4495 - .0103 = .439 minute 
•> lb" 
Skewness of the Sample Curve. 
S K ? 3(.4LL - .409) = +.046 s l i g h t l y skewed to the r ight 
Standard Deviation of the Population Estimated from Sample. 
/ l58 - ( L 6 ) ~ s .03 1/2.118 = .0437 minute 
I 13 73 * 74 
= .03 
Standard Error of the Mean. 
cx = . 0 4 3 7 / " ^ = .0437/8.6 = .00508 minute 
For 0*X = .00508, two times out of three, the means of a l l 
samples of the populat ion w i l l f a l l within the range of ± .00508 min­
utes of the populat ion mean. By the 5 P e r cent f i d u c i a l concept i t can 
be safe ly assumed that the confidence interval i s from .401 to .421 . 
That i s , in 95 times out of 100 the means of the samples w i l l neither 
equal nor exceed the upper l imi t ( .421) nor w i l l they equal or be l e s s 
than the lower l imi t ( , 40L) . 
I t can be further stated with confidence that, f o r p r ac t i c a l 





Value s Value 
x l
 x2 x/c Factor (Frequency) 
0 0 20.4 
•381 .44i .687 .842 17.1 
.351 .471 1.372 .415 8.4 
.321 .501 2.060 .120 2.4 
.291 .531 2.750 .023 . 5 
.261 .581 %^o .003 .1 
5 
X ± ° r that the extreme l imi t s of the population are: 
X + 3.5 = .441 + 3 x .0̂ 37 = .542 minute 
X - 3d = .441 - 3 x .0437 = .280 minute 
Accordingly , the range of e f f o r t f o r s t ipulated condi t ions at 
the incentive operat ional pace i s the r a t io of.542/ .280, or 1.95:1. 
Computation of Ordinate Values for the Normal Curve. 
Maximum ord ina te : Y = .03 x 74 = 20.4 frequencies 
0 .0434 x 2.5066 
TABLE IV 
ORDINATE VALUES FOR THE INCENTIVE PACE DISTRIBUTION CURVE 
Loc . c i t . 
1+2 
S t a t i s t i c a l Analysis of Normal Pace Deal Times 
Por Straight Rotat ional Dealing 
TABLE V 
COMPUTATION OP AVERAGE AND STANDARD DEVIATION OF FREQUENCY 
DISTRIBUTION FOR THE NORMAL PACE 
No. of Deviation from 
f ( d « ) 2 No. Class F r e q . ( f ) Assumed Mean(d) f ( d ' ) 
1 .360-.3S9 4 -3 - 1 2 36 
2 .390-.419 6 -2 - 1 2 24 
3 . 4 2 0 - . ¥+9 14 - 1 -14 14 
1+ . 4 3)-. 473 23 0 0 0 
5 .480-.509 19 1 19 19 
6 .510-.539 4 2 8 16 
7 .540-.569 4 12 36 
7* 1 145 
Arithmetic Average or Mean of Sample 
X = ,4645 + ( 1) .03 = .4645 + .0004 = .465 minute 
T W 
Median of Sample. Midpoint of a l l f requencies : N/2 = 74/2 = 
37 f requencies . Since but 24 frequencies occur in the f i r s t 3 c l a s se s , 
in te rpola t ion into the 4th c lass g ives 
M = .4495 + (37-24).03 = .4495 + .0174 = .466 minute 
23 
Mode of the Sample. 
M = .4495 + 0 23 - 14 [(23-14) + (23-19 )J 
.03 = .4495 + ,0208 = ,470 min. 
Average Deviation of the Sample. 
•°3 " ( ^ = * ° 3 YI -96 - .0002 = .042 minute 
Quartile Dis t r ibut ion Limits f o r Sample. F i rs t p o i n t : ^ at 11 /4 
= 13.5 f requencies above lowest . Since but 10 frequencies occur in the 
f i r s t two c l a s se s , in te rpo la t ion into the 3r& c lass g i v e s : 
Q. = .1+195 + ( IS .5 - 10).03 = .4-19*5 + .01S2 = .43S minute 
lS 
Midpoint: Qg = median = .466 minute 
Third p o i n t : = N/4 = IS.5 frequencies below highest 
Since but 8 frequencies occur in the l a s t two c l a s ses , in te rpola t ion 
into the ^th. c l a s s g i v e s : 
^ = .5095 + (18 .5 - 8).03 = .5095 - .OI67 = .493 minute D 19 
Skewness of the Sample Curve 
Sk = 3(»456 - .466) = -.0715 skewed to the l e f t ; abnormal 
Standard Deviation of the Population Estimated from Sample. 
^ = *°3 l/iiiS - l 2 = .03 ]/l.9S7 = .0423 minute I 73 73^74 
Standard Error Of Mean. 
<3> = .0423/ Yfk = .0423/8.6 = .00504 
Dependabi l i ty . For a @K ~ .00504, in two cases out of three, 
a l l sample means w i l l f a l l within a range of ± ,00504 minutes of the 
populat ion mean. By the 5̂> f i d u c i a l l imi t concept i t can be assumed 
that the confidence in terval is .445 "* .475* That i s , in 95 times out 
of 100, the means of the samples w i l l neither equal nor exceed the 
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Ordinate Time Ordinate 
Value s Appendix D Value 
x l x 2 x/<r Factor (Frequency) 
0 0 2 1 . 1 
. 4 3 5 -^95 . 715 . 7 7 4 4 1 6 . 3 4 
. 4 0 5 . 5 2 5 1.^3 • 3597 7 .5S 
. 3 7 5 .555 2 . 1 4 .1013 2 . 1 4 
.3^5 .5S5 2.86 .OI67 • 35 
. 3 1 5 .615 3.58 . 0035 . 0 7 
upper l imi t (.4-75) n o r w i l l i t equal or be l e s s than the lower l imi t 
( . 4 5 5 ) . 
For p r a c t i c a l purposes i t can a l so be stated with confidence 
that 99*73 P e r cent of the population l i e s within the X ± 3<r i n t e rva l , 
or that the extreme l imi t s are: 
X + 35- = . 465 + 3x,0423 = , 592 minute 
X - 3 a = . 465 - 3X.0423 = .33s minute 
Accordingly , i t can be stated that the range of e f fo r t at the 
normal pace under s t ipula ted condi t ion is the ra t io of the highest 
l imi t to the lowest l i m i t , .592/.338 or 1 . 7 5 : 1 . 
Computation of Ordinate Values fo r the Normal Curve. 
Maximum ordinate : YQ = .03 x 74 = 21.1 frequencies 
.042 x 2 .5066 
TABLE VI 
ORDINATE VALUES FOR TEE NORMAL PACE DISTRIBUTION CURVE 
h5 
S t a t i s t i c a l Analysis o f Free Choice Pace Deal 
Times f o r Straight Rotat ional Dealing 
No. of Deviation from 
No. Class Frea. Assumed Mean(d') f ( d » ) f ( d t ) 2 
1 .330-.359 2 -4 -8 32 
2 .360-.389 4 -3 -12 36 
3 .390-.419 5 -2 -10 20 
4 .420-.449 16 -1 -16 16 
5 .450-.479 16 0 0 0 
6 .4so-.509 10 1 10 10 
7 •510-.539 9 2 IS 36 
8 .540-.569 5 3 15 45 
9 •570-.599 1 4 4 16 
10 .600-.629 2 5 10 50 
l i .630-.659 2 6 12 72 
12 .660-.689 2 7 14 98 
7^ 37 413 
Arithmetic Average or Mean of the Sample. 
X = .4645 + (37).03 = .4645 + .0150 = .480 minute 
(74) 
Median of the Sample. Mid-point of a l l f requenc ies : N/2 = 
74/2 - 37 f requenc ies . Since but 27 f requencies occur in the f i r s t 4 
c l a s se s , in te rpo la t ion into the 5th c lass g i v e s : 
M = ,4495 + (37 - 2 7 ) . 0 3 = .4495 + .0188 = .470 minute 
16 
M = .4495 + 0 J ^ (16-16).03 [(lb-lb) + (lb-10)J 
= .4495 + 0 = .450 minute 
Average Deviation of the Sample. 
= -°3 ^41^ - (37J2" = .03 ]/5.33 = .0694 minut< 
TABLE VII 
COMPUTATION OF AVERAGE AND STANDARD DEVIATION OF FREQUENCY 
DISTRIBUTION FOR THE FREE CHOICE PACE 
46 
Quarti le Dis t r ibut ion Limits f o r Sample. F i rs t po in t : ^ at 
H/4 = 7 4 / 4 = I S , 5 f requencies below. Since but 11 frequencies occur in 
the f i r s t three c l a s se s , in te rpo la t ion into the 4th c lass g i v e s : 
Q- = , 4195 + ( 1 8 . 5 ~ 11 ) . 03 = .^195 + .0141 = .433 minute 
16 
Mid p o i n t : = Median Value = .470 minute 
Third Poin t : at l / 4 = 18 .5 f requencies above high po in t . Since 
but 12 f requencies occur in the l a s t 4 c l a s ses , in terpola t ion into the 
c l a s s g i v e s : 
<k = .5395 " ( 1 8 . 5 - 1 2 ) . 0 3 = .5359 - .0217 - .^18 minute 
J 9 
Skewness of the Sample Curve. 
S k = 3( .48 - .47) = + . 4 3 3 skewed to the r ight 
. 0694 
Standard Deviation of the Population Estimated from Sample 
G = . 0 3 I / 4 l l - ( 3 7 ) 2 = . 03 "Y5.40 = .0696 minute 
If 73 73x7^ 
Standard Error of the Mean. 
tf> = . 0 6 9 6 / ^ ^ = . 0 6 9 6 / S . 6 = ,00811 
Dependabil i ty. For a G% - ,00811, in two cases out of three, 
a l l sample means w i l l f a l l within a range of ± .00811 minutes of the 
populat ion mean. By the f i d u c i a l 5$ l imi t concept, i t can be assumed 
that the confidence in terval i s between ,464 and . 4 9 6 . That i s , in 
95 times of 100 the means of the samples v/il l neither equal nor exceed 
the upper l imi t ( . 4 9 6 ) nor w i l l i t equal or be l e s s than the lower 
l imi t ( . 464) . 
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Accordingly , i t can be stated that the range of e f fo r t at the 
f ree choice pace , under s t ipulated condi t ions , i s the r a t io of the 
highest to the lowest , . 6 8 9 / . 2 7 1 or 2 . 5 4 : 1 . 
Computation of Ordinate Values for Free Choice 
Maximum Ordinate: Y = . 0 3 x 74 = 12 .7 f requencies 
.O696 x 2.5066" 
TABLE VIII 





x l x 2 x/ff Factor (Frequency) 
0 0 12.7 
.450 .510 .432 . 915 11.7 
, 420 . 540 .864 .689 8 .80 
•390 .570 1.29s .429 5.5 
.360 .600 1.72S .224 2.9 
•330 .630 2 .160 • 097 1.3 
.300 .660 2.5S2 .036 .5 
.270 .690 . 0 1 4 . 2 
7 
I t i s further stated with confidence that, f o r p r ac t i c a l purposes, 
99*73 P e r cent o f the populat ion l i e s within the in terval X ± 3cf . or 
that the extreme l imi t s of the population are: 
X + 3 ^ = .480 + 3 x ,0696 = ,6gQ minute 
X - 33r = .480 - 3 x .0696 = .271 minute 
Loc. c i t . 
4s 
S t a t i s t i c a l Analysis of the Slowest Pace Times 
fo r Straight Rotat ional Dealing 
No. o f Deviation from 
No. Class P r e q . ( f ) Assumed Mean(d 1) f ( d ' ) f ( d « ) 2 
1 .450-.509 1 -5 -5 25 
2 .510-.569 5 -4 -20 SO 
3 .570-.629 9 -3 -27 81 
4 .630-.639 10 -2 -20 4o 
5 .690-.749 7 - 1 -7 7 
6 .750-.S09 9 0 0 0 
7 .SIO-.S69 7 1 7 7 
s .870-.929 5 2 10 20 
9 .930-.9S9 3 3 9 27 
10 .990-1.049 4 4 16 64 
n 1.05- 1.109 0 5 0 0 
12 1 . 1 1 - 1.169 4 6 24 144 
13 1 . 1 7 - 1.229 7 21 147 
14 1.23- 1.289 0 8 0 0 
15 1.29- 1.349 0 9 0 0 
16 1 .35- 1.409 1 10 10 10 
17 l . 4 i - 1.469 0 1 1 0 0 
IS 1.47- 1.529 1 12 12 12 
69 30 886 
Arithmetic Mean or Average of the Sample. 
X = .7795 + (^0).06 = .7795 + .026 = .806 minute 
Median of the Sample. Mid-point of a l l f requencies; N/2 = 
£>9/2 = 34.5 f requenc ies . Since but 32 f requencies occur in the f i r s t 5 
c lasses in te rpo la t ion into the 6th c lass g i v e s : 
M = .7495 + (34.5 - 32) .06 = .7495 + .016 = .J66 minute 
9 
Modal average of the Sample. 
TABLE IX 
COMPUTATION OP AVERAGE AND STANDARD DEVIATION OP FREQUENCY 
DISTRIBUTION POR THE SLOWEST PACE 
4 9 
M = , 6295 + (10 - 9 ) .06 
If 10 -9) - Uo-7)J 
= .6295 + .015 = .645 minute 
Quarti le Dis t r ibu t ion of the Sample. F i rs t Poin t : % - N/4 = 
6 9 / 4 = 17*25 f requencies in the 1st qua r t i l e . Since but 15 f requencies 
occur in the 1st three c lasses in te rpola t ion into the 4th c lass g i v e s : 
On = . 6295 + ( 1 7 . 2 5 " 1 5 ) . 0 6 = .6295 + .0135 = .643 minute 
10 
Mid-point : = Median - .766 minute 
Third po in t : at ys/k = 3 x 6 9 / 4 = 5 1 . 8 f requencies or 17 .25 below 
the to t a l number. Since but l6 frequencies occur in the las t ten 
c lasses in t e rpo la t ion into the 8th c lass g i v e s : 
a = .9295 - (17 - 1 6 ) , 0 6 = .9295 - . 0 1 5 = .9145 minute 
^ 5 
Skewness of the Sample Curve. 
Sk = 3 ( .S06 - »766) = +.188 considerable skewness to r ight 
. 213 
Standard Deviation of the Population Estimated from Sample 
5"= . 0 6 1/886 - ( 3 0 ) 2 = . 0 6 ""\ll2.86 = .215 minute 
fTs 69 x 68 1 
Standard Error of the Mean 
&x = . 2 1 5 / |/69 = . 2 1 5 / 8 . 3 = .0259 minute 
Computation of Ordinate Values f o r the Normal Curve 
Maximum Ordinate: Y Q = 69 x . 0 6 -1*1 frequencies 
. 215 x 2 .5006 
The values of the slow-pace times are too intermittent to attempt 
the establishment of a normal curve. 
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ANALYSIS AND INTERPRETATION OF RESULTS 
Analysis and interpreta t ion of the various s t a t i s t i c a l data i n ­
dicated that studies of th is nature can give useful information on the 
individual -performance c h a r a c t e r i s t i c s . Discussion of the f ind ings , 
based on prev ious ly c i t e d ob j ec t i ve s f o l l o w . 
1, What are the performance ranges at the various paces? The 
average performance ranges f o r group data at the designated deal paces 
and under con t ro l l ed condi t ions described prev ious ly are as f o l l o w s : 
These values are be l ieved to be representat ive of those on v/hich 
Wechsler and Presgrave based their general indorsements that the range 
of average human e f f o r t i s 2:1; the ra t io of the f a s t e s t to the slowest 
performer. 
By way of contras t , a group of seven subjects performing, f i r s t , 
as rapidly as p o s s i b l e and, secondly, at a slower pace were timed in 
the performance of both opera t ions . The average range of e f fo r t f o r 
each of these paces was 1.22:1 and 1,26:1, r e s p e c t i v e l y . (See Table l6) 
Times recorded f o r another group of nine subjects which operated at no 
given pace gave an average range of e f f o r t o f 1.30:1. (See Table I S ) . 
Each of the frecuency diagrams in each of these instances was ei ther 
















Supra, p . 10. 
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There may he some s ign i f i cance in the f ac t that the average range 
of e f f o r t f o r the bi-modal type performance i s l e s s than that fo r the 
normal curve. Addit ional t es t data would "be needed fo r the confirma­
t ion of such s i g n i f i c a n c e . 
A study of the ordered times f o r the fas tes t -pace data of Table 
11 revealed a d i s t i n c t bi-modal cha rac t e r i s t i c with modes appearing, 
approximately, at .348 and .407 minutes, r e s p e c t i v e l y . Performance of 
these same operators deal ing at a slower pace revealed a bi-modal trend 
with modes appearing at , approximately, .4-02 and ,454 minutes, r e ­
s p e c t i v e l y . 
Another se r i es of ordered cyc l e times fo r nine subjects (See 
Table IS) showed a marked bi-modal tendency with modes appearing at, 
approximately, .362 and .4-38 minutes, r e s p e c t i v e l y . 
Another development of in teres t was that of the grouping of the 
individual performance ranges f o r the separate paces . This i s r e f l e c t e d 
in the tabulat ion shown below f o r which the data was taken from Tables 
11, 12, 13, 14, and 15. 
Ratio No. Subjects by Ratio Interval , Each Pace. 
Prom To f a s t e s t Incentive Normal Free Slowest 
Choice 
1.03:1 1.03:1 0 5 3 ^ 5 
1.04:1 1.06:1 10 14 14 IS 7 
1.07:1 1.09:1 15 19 19 15 18 
1.10:1 1.12:1 19 12 9 14 16 
1.13:1 1.15:1 £ S 15 9 9 
1.16:1 1.18:1 9 4 7 6 4 
1.19:1 1.21:1 3 3 2 0 1 
1.22:1 1 .24:1 6 3 1 5 1 
over 1.25:1 3 5 3 2 L -
I t i s considered s ign i f i can t that a majority of the subjects were 
grouped within a 15 per cent spread; that i s , between 1.04:1 and 
1,19:1 . This i s considered a good indica t ion of performance cons is tency . 
2 . Can de f in i t e l e v e l s of performance be i den t i f i ed? The des ig­
nat ion of performance l e v e l s cannot be done with complete confidence. 
However, the presence of such marked average or mean times as revealed 
from the var ious pace curves i s considered indica t ive of de f in i t e 
l e v e l s . The cause f o r reservat ion w i l l be discussed in a la ter para­
graph. Acting on the condi t ional acceptance that l e v e l s are def inable , 
the l e v e l s f o r the respec t ive performance populat ions are as f o l l o w s : 
Limits in Minutes Mean Standard 
Pace Maximum Minimum Times Deviations 
Fastest TkfS \~2$& 7^2 .0388 
Incentive .542 .280 .411 .0434 
Normal .592 .388 .465 .0423 
Free Choice ,6S9 .271 .480 .0696 
Slowest 1.451 .161 .806 .215 
Although the slowest pace curve i s lacking of normal d i s t r ibu t ion i t 
i s included in the tabulat ion fo r comparison purposes. The intermit­
tent nature of the slow pace data, the large deviat ion f a c t o r , and wide­
spread l i m i t s make such data of l i t t l e va lue . 
The chief reason fo r reservat ion on the v a l i d i t y of the perform­
ance l e v e l data can best be observed by study of curves in Figure 11 . 
The overlapping e f f e c t of the curves i s viewed as ind ica t ive of need 
f o r further inves t iga t ion of those por t ions of the populat ions within 
the overlapped areas. Such study would ce r ta in ly change the character 
of the remaining por t ions of the populations and i s considered beyond 
the scope of th i s present e f f o r t . A subsequent analysis of this phase 
of the problem could well be included in a continuation study. 
53 
The confidence in terval fo r the fas tes t tempo i s •353 minutes to 
•371 minutes. This means that the mean or average times fo r at leas t 
65 per cent of a l l samples of the same populat ion w i l l f a l l within 
those l i m i t s . Certain samples, not necessa r i ly of the same populat ion, 
have mean values very c lose to that fo r the fas tes t tempo data. One 
group of seven subjects dealing three cyc les each had a mean value of 
•37^ minute. A s ingle operator dealing 53 continuous cyc l e s had an 
average time per cyc le of .377 minute. Another group of four persons 
dealing l6o hands of bridge had an average time of .3^7 minute per 
c y c l e . (See Tables l6 and 19.) 
Three other t e s t s ; one for a group of seven subjects dealing at 
a pace slower that thei r f a s t e s t pace; another f o r a s ingle operator 
dealing at a f ree choice ra te ; and s t i l l another group o f nine subjects 
dealing at no designated pace had mean times of .4-38, .4-57* end .4-10 
minutes, r e s p e c t i v e l y . The f i r s t o f these values l i e s between the con­
f idence in te rva ls f o r the incent ive and normal paces . The second of 
these values l i e s within the confidence interval for the normal pace. 
The l e s t of the values c i t ed l i e s within the confidence interval fo r 
the incent ive pace but as previous ly indicated the frecuency diagram 
i s of bi-modal cha rac t e r i s t i c and the appl ica t ion of normal curve 
analysis i s quest ionable . (See Tables 16, 20, and IS, r e s p e c t i v e l y ) . 
Since the mean or average times f o r the incent ive and normal 
paces are so sharply defined i t does appear that they may be indica­
t i ve of de f in i t e l e v e l s of performance despite the lack of more com­
p l e t e v e r i f i c a t i o n . This sharply defined cha rac te r i s t i c plus the 
54 
def in i t e separation of the respec t ive means i s rather convincing that 
there i s not an i n f i n i t e number of interveaning cyc le times as i s t y p i ­
cal of continuous l e v e l s . 
Tentative acceptance of the apparent exis tence of a de f in i t e 
incent ive performance l e v e l seems warranted the mean value fo r which 
i s loca ted at approximately 1 3 » 5 P e r cent grea.ter time value than that 
of the fas tes t pace mean. 
The percu l ia r nature of the normal pace d i s t r ibu t ion curve 
r a i se s doubt as to i t s being t ruly representat ive of the tempo. The 
d i s t r i bu t ion cxtrve i s one of negative skewness and that i s not con­
sidered a normal s i tua t ion . Dis t r ibut ion curves of negative skewness 
are a t t r ibutable to unsk i l l or to a composite of two frequency curves^. 
Figure 1 2 shows that the cumulative d i s t r ibu t ion ogive fo r the normal 
pace times crosses the free choice ogive at the mean or average time 
fo r the free choice time data. This may be ind ica t ive composite curve 
condi t ion . On the other hand the near-paral lel ism of the normal-pace 
ogive g ives impetus to the acceptance, t en ta t ive ly , that the normal 
curve i s very nearly an actual performance l e v e l . The mean or average 
time fo r th is normal pace i s approximately 1 3 . 2 per cent above the 
similar incent ive-pace va lue . 
The f ree choice d i s t r i bu t ion with i t s wide range i s perhaps 
typ ica l f o r an unmotivated operat ion. I t does not possess suf f ic ien t 
d i s t i n c t i o n to warrant i t s considerat ion as a. useful performance l e v e l 
Q 
"'L, A, Sylves ter , The Handbook of Advanced Time-Motion Study. 
Hew York: Funk and tfagnalls, 1 9 5 0 ) p . 38. 
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t e e l . I t s exis tence must be acknowledged, however. 
The slowest pace data i s be l i eved to be too intermittent to be 
usefu l . Time data on a much greater number of subjects would be nec­
essary f o r the establishment of useful curve. 
3* Hov; many de f in i t e l e v e l s o f performance can be iden t i f i ed? 
The f a s t e s t and incent ive pace d i s t r ibu t ion curves are considered 
p i c t u r i s a t i o n s of de f in i t e l e v e l s . (See Figures 3 and 5)« normal 
curve i s acceptable under reservat ion previous ly stated. (See Figure 7) 
The lack of sharpness of the f ree choice curve makes i t l e s s 
dependable as an ana ly t i ca l instrument for work performance evaluat ion. 
4 . frhat i s the re la t ionships between the various performance 
l e v e l s ? The presence of near equal percentage d i f fe rences between the 
fas tes t and incent ive curves and between the incentive and normal pace 
curves, 13»5 P e r cent and 13»2 per cent, r e spec t i ve ly , i s considered 
highly s i g n i f i c a n t . The average time fo r the free choice pace i s ap­
proximately 3*25 P e r cent higher than that f o r the normal curve. The 
nearly i d e n t i c a l d i s t r ibu t ion curves f o r the f a s t e s t , incent ive and 
normal paces i s considered highly s i g n i f i c a n t . (See Figure 11) This, 
in turn, produces maximum ordinate values o f near equal magnitude 22.9» 
20.4 and 2 1 . 1 , r e s p e c t i v e l y . 
5. What are the cha rac te r i s t i c s of each l e v e l ? Differences 
between the mean times and l imi t times fo r the various paces are as 
f o l l o w s : 
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For 
" 1 mJt" —' 
X I + 3cr 
X - 3a 
For 
X 
X - 3cf 
(1) 
Between Slowest and 
Free Choice 
.806 - .480 = .326 min. 
1.451 - .6S9 = .762 rain. 




.465 - ,4l l = .054 min. 
•592 - .542 = .050 min, 
•33S - .280 = .058 min. 
(2) 
Between Free Choice 
__>- and Normal 
.480 - .46p = .015 min. 
.689 - .592 = .015 min. 




.411 - .362 = .049 min. 
.542 - .478 = .064 min. 
.280 - .246 = .067 min. 
There i s a near constant d i f fe rence noted between the normal and incen­
t ive paces but the order of the small d i f ferences i s inverted by com­
parison with d i f fe rences shown f o r the other three s i tua t ions . That 
i s , the X d i f fe rence i s greater than the X + 3cf d i f fe rence and i s 
l e s s than the X - 3cr d i f f e rence . With respect to the separate X values 
the d i f fe rences can be expressed as : ( l ) ± 1 . 7 5 x » (2 ) ± 5.5 X, (3) ± 
•926X, and (4) ± I .3X. These d i f ferences in terms of their re la ted X 
values are not great except for (3) the normal and incent ive paces , 
± 5»5X» 
Another important considerat ion i s the re la t ionsh ips between 
standard dev ia t ions : 
Re la t ion 
Fastest to Incentive 
Incentive to Normal 
Normal to Free Choice 
Free Choice to Slowest 
Fastest to Normal 
Fastest to Free Choice 
Fastest to Slowest 
Differences 
12,6 per cent greater 
3.2 per cent l e s s 
6.4 per cent greater 
200. per cent greater 
9.0 per cent greater 
87-0 per cent greater 
454.0 per cent greater 
6. What are the re la t ionships of individuals to each l e v e l ? 
The re la t ionsh ip of indiv iduals to each of the performance l e v e l s i s 
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a matter of high s ign i f i c ance . (See Figure l4) Rela t ive pos i t ions o f 
ind iv idua ls , based quar t i le data, with respect to the pace means are 
as f o l l o w s : 
( l ) Of the numbers appearing in quar t i les Q,̂  and Qg ^ o r e a c h of 
the various paces , r ed i s t r ibu t ion with respect to the other paces o c ­
curs as ind ica ted : 
^ and Qg to Qg and <fy Per Cent 
Incent ive Fastest IS . k 
Normal 30.6 
Free Choice 27.s 
Slowest 37.5 
Normal Fastest 36.9 
Incentive 34.2 
Free Choice 37.8 
Slowest 51.5 




Fastest Incentive 18 .4 
Normal 35-2 
Free Choice 27.0 
Siowest 47.0 
(2) Reverse study to show the red i s t r ibu t ion of those i n d i v i ­
duals o r i g i n a l l y in and 0^ fo r each of the paces: 
Q»l and Qg to ^3 and Gjj. Per Cent 
Incentive Fastest 18 .4 
Normal 34.2 
Free Choice 29.0 
Slov/est 51.7 
Normal Fastest 29.8 
Incentive 29.7 
Free Choice 35.2 
Slowest 51.7 
5S 




Fastest Incentive 19.0 
Normal 35»2 
Free Choice 21.6 
Slowest 39 .4 
Broadly speaking, i t appears that when the fas tes t and incen­
t ive pace are examined that there i s a measure of consistency equal to 
about 30 per cen t . Where the mid-range paces are involved i t appears 
that the performance consis tency i s from 60 to 70 per cent and when 
the slowest pace times are viewed in connection with the mid-pace time 
values the consis tency i s a very poor U5 to 50 per cent . Motivated 
e f fo r t i s d e f i n i t e l y the more cons i s ten t . 
S. What i s the influence of method? Despite e f f o r t s to e l imi ­
nate a l l p o s s i b l e var iables some were, never theless , present through­
out the t e s t s . The chief method var iable was that o f the distance 
t rave l led by individual deal hands in disposing of cards from the 
deck into the respec t ive boxes . The disposing techniques varied from 
wrist ac t ion with i t s minimum travel to the movement o f the hand 10 to 
12 inches fo r maximum t rave l . There were no means avai lable by which 
the more subjec t ive var iab les could be measured. 
No material d i f fe rence could be detected in average individual 
deal times a t t r ibu table to the d i f fe rent distances that deal hands 
moved. I t i s therefore assumed that the rhythm fac to r to which the 
hand t ravel responded may have had o f f s e t t i ng influence on the d i f ­
ferent distance e f f e c t s . 
and Qg to ^ and Per Cent 
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There was a not iceable re la t ionship between card pick-up and 
deck reassembly times and the extent to which the deal hand moved in 
disposing of the cards. Wrist ac t ion deals scat tered the cards rather 
badly in the boxes whereas the longer movements created a stacking 
e f f e c t and made the pick-up and assembly operations much eas ie r . 
I t was thought that the use of the box receptables would sta­
b i l i z e the operat ion and have a retarding e f f ec t on cyc le times. A 
comparison of the average fas t -pace time, .362 minute, with the average 
cyc le time fo r four p layers , dealing l6o hands, of .367 minute showed 
that th is was a p a r t i a l l y erroneous supposi t ion. 
Another e f f e c t of method on the cyc le time requirements was 
that the time fo r dealing appeared to increase with even the s l i g h t ­
est increase in the need fo r concentration and coordinat ion . In one 
tes t 22 subjec ts were required to deal al ternate hands in straight r o ­
ta t ional and diagonal orders , as rap id ly as p o s s i b l e . The average 
times were .426 minute fo r the straight c y c l e and .455 minute fo r the 
modified method. (See Table 21) This represented a s ix per cent i n ­
crease. In another tes t involving seven subjects each individual dealt 
three consecutive ro ta t iona l cyc les and immediately repeated the three-
cyc l e performance on the diagonal ba s i s . Average cyc le times for the 
separate methods were .391 minute and .395 minute, r e spec t ive ly , an 
increase of one per cent . 
9. Can i t be establ ished that the range i s continuous or do 
de f in i t e increments ex i s t ? Mean time values for the f a s t e s t and the 
incent ive pace d i s t r ibu t ions and fo r the incentive and normal pace 
6o 
d i s t r i bu t ions are separated by near uniform increments of 13»5 suid 
13»2 per cent , r e s p e c t i v e l y . Increments appear to e x i s t . (See Figure 
n ) 
10. P r e d i c t a b i l i t y of the r e su l t s? There i s l i t t l e favorable 
ind ica t ion of the p o s s i b l e u t i l i z a t i o n of pace-time data in making 
p r e d i c t i o n s . Scatter diagrams of paired times, though indicat ing 
s l i gh t s t r a igh t - l ine treads, are considered too scat tered to be of 
great va lue . (See Figures I9 and l6) 
CONCLUSIONS 
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1 . The problem of determining the range of individual product iv­
i t y i s f i n i t e and of exceeding d i f f i c u l t y . Even though much progress 
has been made in the so lu t ion of the ove ra l l problem much remains to be 
done fo r proper ly evaluating the multitude of cont rovers ia l issues that 
s t i l l p r e v a i l . 
2 . The bulk of the material on which the b a s i c concepts appear 
to res t has been contr ibuted by individuals and small groups indica t ing 
that no concerted industry-wide program has been devised nor have any 
plans f o r f inancing such a program been noted. 
3. Based on resu l t s obtained from treatment of the raw data in 
th i s thes i s i t appears that def in i te l e v e l s of performance exis t f o r 
given cond i t i ons . How a l l - i n c l u s i v e these cha rac te r i s t i c s may be could 
well be the goal of subsequent experimentation end inves t iga t ion . 
4 . Need for much addi t ional data i s c l e a r l y manifest. College 
l e v e l experiments are considered worthwhile as j o i n t coordinated p r o j ­
ect undertakings. The adv i sab i l i t y of having a s ingle individual ex­
p lo re the problem i s questioned because of the magnitude of the p rob­
lem and the need fo r weighted opin ions . This thesis can only be con­
sidered the f i r s t chapter of a planned program fo r further inves t iga t ion 
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ORDERED AVERAGE DEAL TIMES FOR EACH OF 
THE INDICATED PACES 
Case Deal Times in Minutes 
No. Fastest Incent ive Normal Free Choice Slowest 
1 .293 .336 .368 .33* .461 
2 .297 .336 .384 • 3% .522 
3 .303 •387 .387 .384 .535 
4 .305 • 342 .388 .327 .540 
5 .30s .344 .390 • 3S7 .552 
6 .309 •3*7 • 393 • 389 .558 
7 .309 .349 .409 • 391 • 585 
8 .311 •353 .414 .403 • 586 
9 .353 .415 .403 • 587 
10 .31* .354 .417 .408 .589 
n .316 .364 .425 .414 .59* 
12 .320 .365 .427 .421 .601 
13 .322 .366 . .431 .422 .610 
l4 .325 .368 .432 .428 .613 
15 .326 .368 .̂ 33 .428 .620 
16 .326 .374 .433 .429 .643 
17 .330 • 377 .438 .430 .650 18 .331 • 378 .44o .432 .650 
19 .333 .385 .442 .432 .650 
20 .336 •3S5 .442 .433 .655 
21 .336 • 3S5 .443 .434 .66s 
22 .338 •385 .443 .436 .674 
Z} .340 .339 .443 .437 .676 
2k .342 .392 .446 .442 .686 
25 .3*4 .399 .450 .443 .687 
26 .3*5 .4oo .454 .1*7 .703 
27 .3*5 .4oo .455 .448 .710 
28 • 3*5 .1*01 .456 .450 .719 
29 .346 .402 .458 .452 .723 
30 .346 .4o4 .458 .453 .726 
31 .346 .405 .458 .454 .742 
32 .3*9 .4o6 .459 .456 .744 
33 .351 ,4o6 .460 .461 • 752 
34 .35* .407 .461 .463 .756 
35 .355 .407 .461 .468 .763 
TABLE X (con t ! &) 
ORDERED AVERAGE DEAL TIMES FOR EACH OF 
THE INDICATED PAGES 
Case Deal Times In Minutes 
No. Fastest Incentive Normal Free Choice Slowest 
36 .356 .408 .462 .470 .763 
37 • 35S .408 .466 .470 .771 
38 • 359 .409 .468 .470 • 773 
39 .360 .409 .470 .472 .801 
ho .361 .412 .^71 .478 .805 
kl .361 . ^13 Ml .478 .S09 
42 .364 .415 .472 .^79 .812 
^3 .365 .415 .482 .^79 .827 
44 .365 .418 .^73 .483 .S30 
45 .367 .419 .476 .487 .830 
46 .369 .424 .476 .487 .842 
hi .369 .1*26 .478 .490 .843 
4s .369 .426 .480 .493 .864 
ks .369 .427 .480 .493 .872 
50 .370 .432 .482 .494 .898 
51 • 37^ .^33 .484 .496 .900 
52 .376 .^33 .484 .496 .905 
53 • 37S .434 .485 .496 .925 
5* .381 .434 .487 .511 .948 
55 • 383 .^35 .488 .512 •973 
56 •385 .437 .490 .516 •973 
57 .391 .438 .490 .519 1.000 
58 .392 .440 .491 .519 1.013 
59 .392 .444 .^95 .524 1.015 
60 .39^ .445 .496 .530 1.042 
61 .396 .449 .496 .532 1 . 1 1 3 
62 .4oo .454 .499 .538 1 . 1 1 7 
63 . 4 o i .456 .500 .543 1.128 
64 .403 .458 .502 .547 1.133 
65 .4o4 .466 .505 .562 1 . 1 7 1 
66 .408 .468 .507 .562 1.197 
67 .409 .469 .514 .564 1.216 
6s . ^ 1 3 .478 .518 .575 1.397 
69 .414 .483 .520 .611 1.474 
70 .hil .484 .532 .614 
TABLE X (cont'd) 
ORDERED AVERAGE DEAL TIMES FOR EACH OF 
THE INDICATED PACES 
Case 
No. 
Deal Times in Minutes 
Fastest Incentive Normal Free Choice Slowest 
71 .424 .486 .544 .630 
72 .437 .498 .545 .632 
73 .450 .503 .556 .669 
7* .452 .517 .569 .678 
75 
TABLE X I 
Case 
No. 
Deal Times in Minutes 
Avg. 1 2 3 4 5 
1 • 354 .369 .370 .349 .341 .340 
2 • 381 .369 .370 .392 .374 .398 
3 .417 .406 .421 .408 .436 .414 
4 .401 .410 .426 • 393 .377 .4oo 
5 .322 .321 .305 .310 .336 • 377 
6 • 330 .31s .327 .324 • 3^3 .340 
7 • 303 .298 .322 • 293 .295 .305 
s .376 .37s .380 .367 .368 •385 
9 .361 .3^5 .352 .365 • 359 .386 
10 .396 .393 .409 .4oo .404 .374 
11 .424 .4oo .445 .415 .434 
12 .4io .4oo .419 .405 .398 .426 
13 .364 .370 .366 .368 .310 .405 
14 .392 .400 .386 .386 .387 •399 
15 .kok .381 .409 .398 .424 .1*06 
16 .3^2 .350 .346 .334 .362 .320 
17 .413 .418 .k02 .381 .472 .392 
is .369 .380 .390 .351 .352 •370 
19 .346 .356 .333 • 357 • 330 .354 
20 .369 - .305 .342 • ̂ 37 .39^ 
21 .31^ — .301 .330 .342 .283 
22 .326 .355 .291 .301 .328 •353 
23 .383 .336 .370 • 4oi • 375 .381 
2k .365 .35^ .367 .355 .355 .394 
25 .316 .291 .360 .326 .296 .305 
26 .365 .344 .390 .344 .36s .378 
27 .3^9 .350 .370 .342 .356 .329 
2S .325 .322 .307 .293 .352 .351 
29 .308 .326 .328 .293 .287 .307 
30 .297 .297 .296 .301 .305 .288 
31 .356 .338 •335 • 371 • 357 • 381 
32 .367 .367 • 378 • 375 .361 • 352 
33 .340 .329 .3^0 .338 .349 .346 
3h .400 .397 .337 .388 .414 .415 
35 .^37 .444 .434 .432 .472 .402 
AVERAGE AND INDIVIDUAL DEAL TIMES AT FASTEST PACE 
TABLE XI ( c o n t ' d ) 
AVERAGE Aim INDIVIDUAL DEAL TIMES AT FASTEST PACE 
Case 
No. 
Deal Times in Minutes 
Avg. 1 2 3 4 5 
36 .293 .278 .309 .288 .277 .311 
37 .338 .340 .332 •33* .3*1 .344 
38 .355 • 35* .366 .361 .345 .348 
39 .333 .331 .340 • 337 .340 .316 
4o .309 .290 .291 .320 .320 .325 
4l .361 .320 • 373 .365 • 357 .391 
42 .31* .297 .320 .311 .312 .330 
*3 .309 .270 .269 .297 .309 ,4oi 
44 .369 .387 .370 .348 .397 .3*1 
45 .408 .392 .420 .420 .405 .405 
46 .35s .336 .363 • 359 .376 .355 
*7 .345 .342 .349 .331 .370 .334 
4s .37s .365 .390 .360 .416 .357 
4 9 .331 .342 .330 .340 • 34i .301 
50 .3*5 .308 .341 .360 .355 .360 
51 .369 .360 .366 .350 .391 .377 
52 .392 .4oi .4io .391 • 370 • 3S9 
53 .346 • 3S •31 • 3* .35 .35 
54 .370 • 35 .37 .36 .36 .41 
55 .336 .302 • 33S .348 .341 .350 
56 .351 .323 .348 .357 •377 -
57 .385 •378 .4oo •373 .402 .370 
58 .305 .280 .330 .293 .329 .295 
59 .311 .305 .30s .311 .310 .319 
6o .319 .317 .328 .311 .321 -
6i .359 .333 .380 .356 .352 .368 
62 .345 .351 .332 .345 .345 .352 
63 .414 .407 .417 .420 .*13 .435 
64 .346 .341 .350 .365 • 34o .322 
65 .39* .384 - • 399 .390 .403 
66 .344 .351 .336 • 355 • 34o • 399 
67 .37* .36 .39 .35 • 39 • 3S 
6s .336 • 33 .36 .36 .32 .31 
69 .326 .31 .33 .31 .34 .3* 
70 .403 .392 .404 .415 .385 .419 
71 .360 • 359 .374 .351 .352 .366 
72 .391 .407 .4os .372 • 377 • 3S5 
77 
TABLE XII 
Case Deal Times in Minutes 
No. AV£. 1 2 T> 4 
1 .4o4 .408 .415 . 400 .407 .392 
2 .478 .462 .^37 .466 .510 .512 
3 • 503 .522 .496 .519 .486 .490 
4 .4 3 4 .417 .437 .412 .466 .^37 
5 .^35 .404 .443 .432 . 468 .427 
6 .364 .361 • 379 .360 .364 • 358 
7 .407 .378 .406 .411 . 420 .419 
S .434 .429 .429 .446 .447 
9 . 4 0 8 .425 .375 .412 . 428 .400 
10 . 468 .440 .450 .482 .481 .485 
11 .49s .494 .513 .^97 .501 .484 
12 .486 .458 .^35 .445 .446 .446 
13 .409 .425 . 408 .395 - .405 
14 .432 .412 .420 .460 .422 .450 
15 .392 • 378 • 39^ . 400 .400 .390 
16 .458 .448 .474 .436 .474 .450 
17 • 4oo M3 .407 • 387 .390 .4oi 
18 • 377 .371 .445 .325 .382 .364 
19 . 4 6 6 .45 . 46 .*7 .46 
20 .353 - .310 .355 .37 .381 
21 .4o6 .414 .422 .395 .405 .395 
22 .^33 .450 . 4 6 4 .429 .405 .^17 
23 .365 •373 .349 .356 .389 .358 
2k .412 .4o .4l" .416 .416 .420 
25 .419 .430 .432 . 424 .391 .419 
26 .44o .41 .45 . 46 .42 .46 
27 . 418 . 40 .45 .^5 .34 
28 . 4 0 8 .40 .40 .39 .^3 .42 
29 .456 .42 .47 . 46 .47 .46 
30 .432 .38 .41 . 46 . 46 
31 • 399 .410 .412 .400 .386 .388 
32 .405 •393 .395 .402 .420 .415 
33 .426 .425 .426 .423 .^37 .420 
3^ .336 .303 .330 .362 .329 • 355 
35 .354 .341 .360 .356 .348 .365 
AVERAGE AND INDIVIDUAL DEAL TIMES AT INCENTIVE PACE 
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Case Deal Times in Minutes 
No. Avg. 1 2 3 4 5 
36 • 376 .348 .415 .366 .374 • 379 
37 .368 .389 .360 .362 .365 .366 
33 • *37 •437 .420 .448 .432 .450 
39 .454 ,44S .470 . 440 • *3I • *79 
4O .389 .369 • 37S • 395 • 397 .4O6 
4 i .3*4 • 347 .350 .348 .336 .339 
42 .415 .372 .4o4 .420 .454 .423 
*3 • 325 .386 .3S9 .390 • 3S5 • 377 
44 .353 .341 .379 .360 .310 • 37* 
*5 .424 .376 .420 .420 . 441 .461 
46 .400 .410 .372 .392 . 421 .403 
*7 .325 •34O • 355 .391 • *13 .424 
48 .4OI .435 ,405 .39S .390 • 375 
49 .427 .*37 .419 .445 ,4OI .431 
50 .415 •44O .415 .416 .414 • 392 
51 • 3S5 .379 .404 .390 • 375 • 379 
52 .483 .516 . 475 A73 .477 .473 
53 .337 .347 • 335 .3*7 .332 .322 
5* .366 .371 .367 .364 .36S .361 
55 .410 .4O6 .425 • 395 .4O6 .416 
56 .349 •353 • 359 .341 .347 • 3*5 
57 .407 . 408 .420 .405 .396 .4O6 
58 .347 .317 .33S • 353 .330 .39S 
59 .484 .426 .462 .488 .540 .504 
6O • 335 .362 .362 .394 .409 .400 
6I .342 .32 • 35 •35 . 3 * •35 
62 .36S •3* .32 . 38 . 38 •38 
63 .336 .35 .31 •35 .34 •33 
64 • 37S .36 .38 .36 .40 
65 .469 .478 .456 .510 .444 • *55 
66 .449 .435 .450 .435 .454 .471 
67 . 4 4 4 .449 .456 .446 .439 .432 
6S ,4O6 .404 .388 .413 • *13 .412 
69 . 438 .427 • *39 .445 • *39 .442 
70 .517 .536 .516 • 53S .501 .493 
TABLE XII ( c o n t ' d ) 
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TABLE XII ( c o n t ' d ) 
Case Deal Time in Minutes 
Ho. Avg. 1 2 3 4 5 
_ - _ g -^-g-
72 .413 .4-12 .408 .4os .418 .417 
73 .426 .442 .429 - .^09 . 423 
74 .402 .408 .401 .4o6 .4oo .393 
AVERAGE AID INDIVIDUAL DEAL TIMES AT INCENTIVE PACE 
TABLE XIII 
AVERAGE AND INDIVIDUAL DEAL TIMES 3 AT THE NORMAL PACE 
3ase 
No. 
Deal Times in Minutes 
Ave. 1 2 3 4 5 
1 .569 .564 .5^3 .614 .567 .556 
2 .491 .453 .485 .534 .^95 • *9 
3 .415 • 39S .440 . 411 .429 • 398 
4 .390 .419 • 383 .386 .374 • 390 
5 .456 .441 .465 .%S .436 .439 
6 .518 .549 .517 .485 .505 .534 
7 .482 .477 .433 .489 .479 .474 
8 .471 .469 .493 .457 .449 .485 
9 .488 .47 .46 .47 .51 .53 
10 .544 .52 .54 .53 .57 .56 
n .502 .52 .51 .52 .48 .48 
12 .514 .50 .55 .50 .50 .52 
13 .520 .52 • 52 .52 • 51 .53 
14 .^73 .457 .482 .473 .487 .467 
15 .458 .460 .445 .466 .451 .469 
16 .489 .500 .488 .472 .496 .^93 
17 .476" .485 .486 .467 .480 .462 
IS .495 .521 .466 .500 .^97 .481 
19 .4 i4 .441 .4oi .4oo .4oi .413 
20 .443 ,44o .431 .442 .^53 .448 
21 .500 . 5 1 1 .519 .497 .492 .^79 
22 .507 .5^5 .501 . 5 1 1 .470 .500 
23 .556 .581 .538 .556 .542 .562 
24 .461 .472 .445 .441 .482 .466 
25 .459 .458 .472 .464 .452 .448 
26 .443 .440 .444 .43s .444 .450 
27 .454 .442 .435 .465 .468 .458 
28 .458 .461 .447 .464 .465 .452 
29 .450 .425 .436 .460 .47 .46 
30 .472 .450 .467 .^73 .483 .489 
31 .431 .416 .434 .432 .436 .436 
32 .545 .516 .551 .532 .588 .539 
33 .442 .471 .452 .446 .415 .425 
3^ .485 .5^7 .469 .452 .494 .465 
35 .434 .450 .512 .490 .430 .488 
TABLE X I I I ( c o n t ' d ) 
AVERAGE AND INDIVIDUAL DEAL TIMES AT THE NORMAL PACE 
Case 
No. 
Deal Times in Minutes 
Avg. 1 2 3 4 5 
36 .470 .446 .454 .476 .479 .493 
37 .500 .488 .506 .495 .500 .504 
33 .460 .464 .4)40 .468 .463 .458 
39 .388 .389 •395 .39* • 373 • 388 
1*0 .433 .503 .455 • 373 .416 .420 
4i .463 .444 .500 .489 .440 .468 
42 .533 .455 .500 .568 .530 .563 
k? • 337 .321 .381 .376 • 375 .420 44 .433 .434 .435 .436 .427 .435 
45 .466 .487 .485 .442 .450 ,46s 
46 .446 .*55 .450 .442 • 455 .430 
47 .409 .404 .415 .400 .405 .425 
48 • 505 .495 .524 .500 .502 .504 
4 5 .417 .409 .382 .424 .420 .451 
50 .453 .449 .428 ' .482 .455 .474 
51 .432 .447 •*17 .407 .504 .387 
52 .487 .423 .455 .483 .506 .468 
53 .496 .472 .487 .510 .471 .540 
5* .425 • *33 .450 .405 .4oo .440 
55 .484 .500 .468 .466 .504 .482 
56 .334 .380 .360 .408 • 380 .390 
57 • 393 .340 .435 .432 .403 .457 
53 .43s .45 .45 .42 • *7 .40 
59 .442 .43 .4o .42 .41 .55 
60 .478 .48 .47 .46 .48 .50 
61 .472 .428 .482 .488 .489 .430 
62 .480 .473 .4-93 .491 .431 .462 
63 .461 .444 .466 .482 .446 .467 
64 .440 .453 .460 .440 .426 .422 
65 .443 .421 .425 .445 .462 .461 
66 .368 • 34o .351 • 372 .335 .392 
67 .476 .431 .467 .486 .492 .504 
6s .427 .449 .427 .428 .423 .410 
69 .455 .446 .454 .451 .46o .466 
70 .471 .428 .467 .489 .49s -
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TABLE XIII ( c o n t ' d ) 
Case 
No. 
Deal Times in Minutes 
Avg. 1 2 3 4 5 
71 .480 .487 • 485 .470 .466 .494 
72 .462 • 439 .472 .468 .467 .466 
73 .496 .508 .518 .477 .500 .475 
7^ .490 .445 .482 .500 .498 .524 
AVERAGE AID INDIVIDUAL DEAL TIMES AT THE NOBMAL PACE 
TABLE XIV 
AVERAGE AND INDIVIDUAL DEAL TIMES Ad ) FREE CHOICE PACE 
Case 
No. 
Deal Times in Minut ;es 
Avg. 1 2 3 4 5 
1 .461 .451 .451 .450 .495 .460 
2 .430 .432 .435 .432 - .422 3 .480 .459 .476 .47s .506 -4 .391 .420 .415 .337 .370 .365 
5 .487 .457 .482 .524 .497 .473 
6 .443 .440 .434 .440 .456 .447 
7 .456 .452 .486 .465 .438 .439 
8 .442 • 399 .428 .451 .*37 .494 
9 .429 .430 .458 .442 .409 .408 
10 .428 .430 .426 .436 .422 .424 
n .519 .531 .506 .499 •539 .519 
12 .387 • 395 .361 .380 .390 .410 
13 • *37 .496 .442 .412 .432 .405 
14 .496 .500 .480 .500 .523 .479 
15 .532 .543 .544 .528 .532 .515 
16 .611 .580 .602 .633 .635 .605 
17 • 53S .489 .549 .527 .561 .562 
IS .478 .474 .495 .482 .471 .469 
19 .632 .787 .779 .481 .482 -
20 .478 .490 .472 .467 .484 .479 
21 .630 .576 .615 .582 .538 .591 
22 . 5 1 1 • *79 .525 .513 .525 .511 
23 .447 .434 .463 .441 .450 .448 
2k .387 .4oo .4io .378 • 370 • 379 
25 .414 .420 ,4io .410 .416 .415 
26 .453 .439 .443 .448 .462 • *73 
27 .432 .441 .428 .446 .430 .*17 
28 .403 .396 .399 .415 .4oi .4o6 
29 .564 .584 .603 .548 .531 .556 
30 .575 .53* .604 .606 .559 .570 
31 .483 .505 .470 .469 .489 .480 
32 .524 .566 .534 .504 .512 .506 
33 ,46s .464 .465 .465 .466 .*79 
3k .470 .492 .474 .464 .457 .462 
35 .428 .415 .431 .438 .430 .425 
36 .669 .555 .675 .671 .720 .722 
37 .463 .452 .465 .460 .480 .458 
s4 
TABLE XIV ( c o n t ' d ) 
AVERAGE AHD I: ̂DIVIDUAL DEAL TIMES AT THE FREE CHOICE PACE 
Case 
Ho. 
Deal Times in Minutes 
Avg. 1 2 3 4 
3S .389 .361 .370 .395 .374 .4o4-
39 .421 , 4 i o .420 .390 .46o .425 
4o .562 .512 • 559 .551 .597 .592 
4i .422 .451 .425 .429 .411 • 395 
42 .519 .533 .517 .505 .512 .526 
^3 .496 .505 .516 .505 .491 .461 
.496 .500 .510 .500 .501 .470 
h5 .516 .46 .51 .56 .52 .53 
46 .562 • 5S .55 .57 .56 .55 
*7 .614 • 58 .62 .61 .63 .63 
48 .494 .47 .48 .48 .51 .53 
^9 .452 .482 .46 .4s .41 .*3 
50 .530 .51 .52 .53 .55 .54 
51 • 403 .41 .35 .42 
52 .436 .41 .46 .42 ^7 .42 
53 .408 .41 .4o .38 .4o .45 
54 .448 .46 .*7 • *3 .43 
55 .678 .637 .621 .633 .771 .726 
56 .512 .477 .4o4 .550 .545 .582 
57 .479 .46s .492 .483 .462 .492 
58 .472 .476 .476 .464 - -
59 .432 .450 .445 .400 - -6o .454 .463 .1+42 .458 - -
6 l .450 .^33 .467 .449 — 
62 .349 .3^9 .338 .357 - -63 .384 .421 .367 .363 - -
64 • 33^ .325 .351 .326 - -65 .434 .440 .425 .437 - — 
66 .433 .421 .461 .417 _ 
67 .490 .51 .48 .48 - — 
68 .493 .50 .49 
69 .543 .51 .57 .55 
70 .493 • 53 .47 .48 
71 .547 • 55 • 53 .56 
72 .470 .48 .*7 .47 
73 .487 .*7 .51 .48 




Deal Times in Minutes 
Avg. 1 2 3 4 5 
1 .812 .845 .881 .802 .779 .753 
2 .752 .717 .740 .749 .785 .771 
3 .872 .808 .848 .895 .881 .927 
4 1.216 1.178 1.208 1.213 1.251 I .232 
5 .925 .923 •957 .892 • 950 .902 
6 • 773 • 7S9 .802 .758 .769 .746 
7 •973 .927 • 939 1.000 1.030 .970 
s I.015 1.000 1.016 1.090 1.025 .945 
9 1.171 1.072 1.131 1.196 1.217 1.240 
10 1 .113 1.110 1.153 1.072 1.105 1.124 
11 • 9*8 .892 •935 • 953 .982 .976 
12 • 905 .880 .925 .875 .870 .976 
13 .5*0 .590 -535 .535 .521 .521 
14 .589 .554 .627 .576 .575 .615 
15 .613 .641 .600 .592 .617 .615 
16 .585 .599 .595 .597 .578 .555 
17 .655 .683 .676 .672 .613 .630 
IS .620 .66 .61 .62 .60 .61 
19 .650 .60 . 7 * .67 .64 .60 
20 .643 .63 .65 .65 - -
21 .461 .461 .470 .467 .45s .450 
22 • 535 .565 .529 .532 .507 .5*0 
23 • 587 .610 .555 .605 .590 .575 
24 .522 .448 • 570 .585 .527 .532 
25 • 558 .474 .555 • 579 .562 .620 
26 .898 • 91 .90 • 93 .85 .90 
27 .842 .800 .952 .818 .806 .834 
28 .586 .5^4 .641 .586 .61 .562 
29 1.128 .81 .951 1.050 1.060 1.193 
30 1.197 I.165 1.350 1.150 1.150 1.170 
31 .676 .67 .64 .69 .67 .71 
32 .668 .73 .65 .65 .66 .65 
3 ? .59* .65 .60 • 57 .57 .58 
3k .744 .736 .73* .721 .77* .754 
35 .6s6 .669 .659 .703 • 733 ,66s 
AVERAGE AND INDIVIDUAL DEAL TIMES AT THE SLOWEST PACE 
TABLE XV ( c o n t ' d ) 
AVERAGE AND INDIVIDUAL , DEAL TD 1SS AT THE SLOWEST PACE 
Case 
No. 
Deal Times in Minutes 
Avg. 1 2 3 4 5 
36 
.805 .970 .842 .752 .746 .713 
37 .710 .70 .69 .74 
38 .830 • 79 .86 .84 
39 .763 .76 .79 
4o .830 .83 .82 .84 
4i .610 .62 .60 .61 
42 .723 .71 .71 .75 
*3 
.843 .81 .87 .85 
.827 •77 .84 .87 
.650 .67 .67 .61 
46 .687 .68 ,6s .70 
^7 .650 .67 .63 
.65 
4s .552 .55s .54-8 .550 
49 .601 .594 .636 .573 
50 .756 .729 .762 .776 
51 .703 .785 .695 .72s 
52 .726 .606 .776 .797 
53 1.042 1.002 1.085 1.039 
54 1.474 1.447 1.495 1.480 
55 .801 .706 .836 .862 
56 .719 .685 .715 .757 
57 .900 .846 .90s .946 
58 .864 .828 .893 .870 
59 .771 .724 .792 .798 
60 .742 .795 .777 .655 
61 .647 .654 .694 .675 
62 .763 .731 .771 .788 
63 
1.117 1.190 1.000 1.160 
64 1.397 1.150 1.480 1.560 
65 1.000 1.020 .980 1.000 
66 1.133 1.200 1.080 1.120 
67 .973 
1.000 1.030 .S90 
6s 1.013 .960 1.080 1.000 
69 .809 .784 .837 .807 
TABLE XVI 
S7 
AVERAGE AND INDIVIDUAL DEAL TIMES PAST AND SLOWER PACES 
Operator 
No. Avg. 1 2 3 
1 .406 .41 .42 • 39 
2 .3*6 .36 • 35 .35 
3 .3^4 .35 • 33 .32 
4 .406 .42 •3? ,4l 
5 .352 • 35 .3* .36 
6 .367 .37 .37 .36 
7 .403 .41 .41 .40 
X .374 
Average Range o f Effor t 1.22:1 = .0337 
A Slower Pace -• Same Operators 
1 .500 .50 .50 .50 
2 .396 .40 .38 .41 
3 .408 .41 .39 .42 
4 .446 .43 .46 .46 
5 .402 .40 .41 .41 
6 .456 .45 .45 .47 
7 .452 .46 .45 . 4 -
X .438 
Average Range of Effor t 1.26:1 ^ = .0281 
TABLE XVII 
INDIVIDUAL CYCLE TIKES, STRAIGHT ROTATIONAL AND DIAGONAL-PAST 
Operator No. 1 Operator Nc 1 . 2 
Ho. Straight Diagonal Straight Diagonal 
1 .415 .445 .421 .444 
2 .426 .428 .^73 .418 
3 .442 .430 . 415 .4 io 
4 .423 .512 .4oo .400 
5 .438 .462 . 4 i o .407 
6 .447 .413 .382 .405 
7 .447 .445 .3^7 . 402 
8 .410 .423 .417 ,429 
Q J .448 .430 .370 • 382 
10 .44o .453 .369 • 382 
11 .450 .443 .368 • 350 
12 .486 .^35 .360 • 358 
13 .444 .321 .36S .338 
14 .461 .43s .347 • 333 
15 .449 . 488 .417 .370 
X .442 .442 .391 •395 
cr .0215 .0337 .0261 .0133 
TABLE XVIII 
AVERAGE AND INDIVIDUAL TIMES, NO SPEED INDICATED IN 
ORIGINAL INSTRUCTIONS 
No, Ayg. 1 2 3 
"1 7m 7^2 7k5 T45 
2 .39*+ .40 . 41 .38 
3 .427 .44 .42 . 41 
4 .360 . 3 6 .36 .36 
5 .444 . 42 .44 . 4 7 
6 . 3 6 4 . 3 5 .36 .38 
7 . 362 . 37 . 3 5 .36 
8 .430 .43 .43 .43 
J2 j46s .Jv[ .4s ;_4£ Jc .4io 
o- -0398 
TABLE XIX 
Time in Time in Time in 
No. Min. No. Min. No. Min. 
1. • 355 1 9 . •397 37 . .361 
2 . .366 2 0 . . 3 9 4 38 . .358 
3- • 373 2 1 . • 3S9 39 . .361 
4 . . 403 2 2 , . 370 4o . .368 
5 . . 373 2 3 . .428 4 l . .378 
6 . • 37S 2 4 . .380 4 2 . .368 
• 377 2 5 . .368 * 3 . .372 
s. .367 2 6 . . 394 44. .377 
.372 2 7 . .382 4 5 . . 36s 
1 0 . • 370 28. .370 46. . 385 
l l . • 391 2 9 . .371 47 . .34o 
12 . .367 3 0 . .360 4 8 . .407 
13 . .376 3 1 . •335 49 . .393 
1 4 . .4oo 3 2 . •399 50 . • 377 
1 5 . . 390 33 . .369 51 . • 387 
16 . • 3Si 3 4 . .363 52 . .362 
17 . • 3S3 3 5 . .373 .53 .385 
I S . • 37S 3 6 . .375 
x = ,377 minutes 
1 . 2 6 : 1 
* = .017 
Performance Range 
SINGLE CYCLE DEAL TIMES - SINGLE OPERATOR DEALING 
STRAIGHT ROTATIONAL - FASTEST PACE 
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TABLE XX 
SINGLE CYCLE DEAL TIMES - SINGLE OPERATOR DEALING 
STRAIGHT ROTATIONAL - FREE CHOICE PACE 
Time in Time in Time in 
Ho. Min. No. Min. No. Min. 
1. .407 1 1 . .436 21 . .465 
2. ,412 12. .485 22. .435 
3 . .425 13. .464 23. .457 
4 . .442 14. .440 24. .488 
5. .470 15- .451 25. .475 
6. .453 16. .431 26. .464 
7. .466 17. .470 27. .471 
8. .439 18. .4-75 28. .472 
9. ,472 19. .490 29 .474 
10. MQ 20. .489 
X = .457 minutes 
Performance Range 1.20:1 ff - .024 
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TABLE XXI 
AVERAGE DEAL T: EMES BY ALTERNATE METHODS: ( 1 ) STRAIGHT ROTATION AND 
( 2 ) 01 DIAGONALS BETWEEN BOXES AT FASTEST POSSIBLE PACE 
Straight Rotation 
Case Avg. Time Case Avg. Time 
Ho. in Min. No. in Min. 
1 • 550 12 .382 
2 .490 13 .458 
3 .390 14 .442 
4 .4 i4 15 .436 
5 .44s 16 .408 
6 .454 17 .418 
7 .392 IS .402 
s .39* 19 .404 
9 .437 20 .392 
10 .434 21 .392 
n .410 22 .398 
X .425 
On the Diagonals Between Boxes 
1 .594 12 .394 
2 .480 13 .490 
3 .420 14 .490 
4 .424 15 .475 
5 .463 16 
6 .504 17 .442 
7 .424 ' IS .418 
s • *33 19 .475 
9 .444 20 .410 
10 .484 21 • 475 
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Figure 2 - A Typical Production Courve 
for Manual E f f o r t . 
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F's&ms 3 - Chart S h o w i n g F r e q u e n c y Diagram and I.'ormal 
Curve - F a s t e s t P a c e 
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FIGURE 8 - CONTROL CHART SHOWING INDIVIDUAL DEVIATIONS FROM THE 
SAMPLE MEAN - NORMAL PACE V£> 

Figure 10 - Control Chart Showing Ind iv idua l D e v i a t i o n s from the 
Sample Mean - Free Choice Pace 
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TIME M . i M t e s 
PI.RARE 11 - CUART SUO^IIU 1 . 3 FOR CURVES AT VARIOUS SPEEDS 
F i g u r e 12 - Cumulative D i s t r i b u t i o n Curves f o r I n d i v i d u a l Time Data f o r the 
Various Deal F a c e s . 
.SO ,53 .56 .39 .42 .45 .48 .51 .54 757 760 3*3 .&6 .7 
TIME IN MINUTES 
FIGURE 1 3 - COMPOSITE FREQUENCY DIAGRAM FOR ALL AVERAGE TIME DATA AT THE VARIOUS 
FACES and SHOWING THE SEPARATE EFFECT OF THE SLOWEST LACE DATA. 
Incentive Normal Free Choice Fastest Slowest 
No. \ ^2 ^3 ^4 \ 
1 0 
2 X X 
3 X X 
X X 
5 X X 
6 X 
7 X X 
8 X X 
9 X 
10 X X 
n X 
12 X X 
13 X 
14 X 
15 X X 
16 X 
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X X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X 
X X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X X 
X X 
X X X 
X X 
Figure 14 
C&iartile Dis t r ibut ion of Individual Averages f o r A l l Paces 
Incentive Normal Free Choice f a s t e s t Slowest 
No. 
2̂ % % «1 
Q«2 % % *2 % 23 X X X X X 24 X X X X X 
25 
X X X X X 
26 X X X X 27 
X X X X 
S X X X 
29 
X X X X X 
30 
X X X 
31 X X X X X 32 
X X X X X 
33 
X X 0 X X 
34 X X X X X 
35 
X X X X X 
36 X X X X X 37 
X X X X X 
3S X X X X X 
39 
X X X X X 
40 X X X X X 
41 X X X X X 
42 X X X X X 
k? X X X X 
X X X X X 
45 X X X X X 
Figure 14 ( c o n t ' d ) 
Quartile Dis t r ibut ion of Individual Averages f o r A l l Paces 
Incentive Normal Free Choice Fastest Slowest 
Ho. % q 3 
% <*2 *3 q 3 % % 3̂ 46 X X X X X 
47 
X X X X X 
4s 
X X X X X 
49 
X X X X X 
50 
X X X X X X 
51 X X X 0 52 
X X X X X 
53 
X X X X X 
54 
X X X X X 
55 
X X X X X 
56 X X X X X 57 
X X X X X 
5S X X X X X 
59 
X X X X X 
60 
X X X X X 
61 X X X X X 62 
X X X X X 
63 
X X X X 
64 X X X X 
65 
X X X X X 
66 X X X X X 67 
X X X X X 
6s 
X X X X X 
69 
X X X X X 
70 
X X X X X 
Figure l4 ( c o n t ' d ) Quartile Dis t r ibut ion of Individual Averages f o r A l l Paces 
Incentive Normal Free Choice Fastest Slowest 
Efo. \ $2 % % % ^2 *? % Q£ <fc$ % % §2 ^ % % <*2 % 
71 X X X X X 
72 X X X X X 
73 X X X X 
7U X X X 0 X 
75 X X X 0 X 
76 0 X X X X 
77 X X 
7S X X 
Figure 14 ( c o n t ' d ) 
Quarti le Dis t r ibut ion of Industr ial Averages fo r a l l Paces 
SCATTER DIAGRAMS SHOEING CORRELATION BETWEEN INDIVIDUAL PERFORM­
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FIGURE 17 - SCATTER DIAGRAM SHOWING CORRELATION BETWEEN INDIVIDUAL PERFORMANCES 
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Box D i n e a s i o a s : 7" Square 
S t r a i g h t Rotat ion _ 
OM Diagonals 
Figure 18 - Diagraa of Test Setup 
